~4j0TThe mixture nf rlaim 498^ wherein the r7m?h*r*i&kle hyHrQ rar bonS furthe r 

comprises oxygenated hydrocarbons, and wherein greater than about 5 % byweight of 
the condensable hydrocarbons comprises the oxygenated hydrocarbon. 
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4304. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 5 % 
by weight of the norjrcxmdensable hydrocarbons comprise/!-^. 




4305. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the njbn-condensable hydrocarbons comprise H2, wherein greater than about 15 



% by weight 



of the non-condensable hydrocarbons comprises H2. 



4306. The rhixture 
than about 2 



of claim 4285, wnprein a weight ratio of hydrocarbons having greater 
arbon atorns, tometnane, is greater than about 0.3. 



4307. A mixturXnroduyedyfrdm a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocarbons, wherein less than about 15 % by weight of the 
condensable hydrocarbons have a carbon number greater than about 25; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is nitrogen; 

whepfein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated'on an atomic basis, is oxygen; and 

therein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. 



30 



43/)8. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
^herein the non-condensable component comprises hydrocarbons having carbon 
lumbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
^umbers from 2 through 4jgjxte&tme7TTpeater than approximately t~ " ^ 
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4 3D9. The mixture of r^™ 4307, whprpin thp condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weigF 
condensable hydrocarbons are olefins. 

43 10. The mixture of claim 4307, further comprising non-condensable hydrocarbons^ 
and wherein a molarrmio of etftene to ethane in the non-condensable hydrocarbons 
ranges from about/0.001 to about 0.15. 



43 1 1 . The mi/turelof claim 4307, wherein tbe condensable hydrocarbons further 
onja 



comprise oxygen cor 



weight of the conden; able hydrocar}xJns comprise oxygen containing compounds, and 



wherein the 



oxygen c mtaining compounds compose phenols. 



4312. Thenjixtureo 
comprise aro 




aining compounds^herein about by weight to about 30 % by 



claim 4307, whepdn the condensable hydrocarbons further 
ipounds, and/^herein greater than about 20 % by weight of the 



condensable hydrocarbons are aFomatic compounds. 



43 1 3. The mixture of claflm 4307, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

43 14. The Kiixture of claim 4307, wherein the condensable hydrocarbons further 
comprise ^sphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



43 p. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
c&ndensable hydrocarbons are cycloalka 
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43 16. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
Nmd vvh^rpinJiag^wTrrTmHpn^hlp hydrocarbons comprise hydrogenTaHd^herein greater 
than about 10 % by volume and less than about- 80 % by volume of the non-condensable 
component comprises hydrogen. 



4317. The mi: 
than about 



4318. T 



ammonia 




claim 4307, further comprising ammonia, and ^nerein greater 
ht of the produced mixture is ammonia., 



e mixture of claim 4307, further comprising ampionia, and wherein the 
is used to producesrertilizer. 



43 19. The mixture of claim 4301, wherein the condensable component further 
comprises olefins, and wherein about 0.1 y(~ to about 5 % by weight of the condensable 
component comprises olefins. 



4320. The mixture s ©££laiH^4S67, wherein the condensable component further 
comprises olefins, and wherein about 0.1 % to about 2.5 % by weight of the condensable 
component comprises olefins. 

4321 . The mixtur^ of claim 4307, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable Jtydrocarbons comprises oxygenated hydrocarbons. 

4322. Xfte mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherei^ the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 %>6y weight of the non-condensable hydrocarbons comprises H?. 



p23. The mixture of claim 4307, further comprisingjiondCQadeF isablc hydrocarbon s^ 
therein the non-condensable hyciroeartJons comprise Fb, and wherein greater than about 
^15 % by weight ^£ihe^ion-condensable hydrocarbons comprises H2. 
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- 4 324. -The mixture of claim 4307, further compmhtg-RoasCQnde^able hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater than about 0.3. 



Q 
03 



15 



4325. A mixture produced from a portion of a hydrocarbon containing/formation, 
comprising: 

condensable hydrocarbons, wherein less than about 15^o by weight of the 
condensable hydnoca&ons have a aarbon number greater flikn 20; and 

wherein thV condensable hydrocarbons comprise olefins, wherein an olefin 
content of the cond^nsalMe corfiponent is less thap'about 10 % by weight of the 
condensable compoi^ 

4326. The mixture of claim 4325, fuj#ner comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 



it 20 
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4327. . The mixture acclaim 4325, wherein the condensable hydrocarbons further 
comprise olefins, arKi wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4328. Ther mixture of claim 4325, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
range/from about 0.001 to about 0.15. 

4/29. The mixture of claim 4325ja^refinKe"condensable hydrocarbons further 
bompnse nitrogen^nd-^herein less than about 1 % by weight, when calculated on an 
ItomicJ^asT^Tof the condensable hydrocarbons is nitrogen. 
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^4330. The mixture ot claim 4325, wherein the condensable hydrocarbons^ftlfther 
comprise oxygen, and wherein less than about 1 % by weight, whenj^Itulated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 
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4331. /The mixture pf claim 4325, wherein the condens#ole hydrocarbons further 
comqfrise sulfur, and wherein less than about 1 % byyweight, when calculated on an 
atomfic basis, of the condensable hydrocarbons is ^ulfur. 



4332A The mixture o 



5 % bw weight to about 30 % by w< 



oxygen containing co: 
phenols. 



clakn 4325, wherein/me condensable hydrocarbons, wherein about 



le condensable hydrocarbons comprise 



lpounds, and wherein the oxygen containing compounds comprise 



4333. The mixture of clainy4325, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



20 



4334. The mixture/of claim 4325, wherein the condensable hydrocarbons further 
comprise multi-ripfg aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4335. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4336. / The mixture of claim 4325, wherein the condensable hydrocarbons further 
comdrise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 433y. The mixture of claim432^^fiiFtherxompnsing non-condensame hydrocarbons, 
wherelhHhe-fierr : tron3ensable hydrocarbons comprises hydrogen, and wherein the 
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Jivdrog ^n i s a bout 1 n % W vninmp tn *hnut so o/n hy voitmT^ nf^thp non-condensable 
hydrocarbons. 

4338. The mixture of claim 4325, further comprising ammonia, whej^m greater than 
5 about 0.05 % by weight of the produced mixture is ammonia. 
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4339. The rafixture of clakn 4325, further comprising ^mmonia, and wherein the 
ammonia isrused to produce\ fertilizer. 



4340. Th^ 
condensab 



mixture of c 
component 



4341. Them' 




im W325, wh^eirk'about 0. 1 % to about 5 % by weight of the 
oWirises^olefins. 



aim 4325, wherein about 0.1 % to about 2 % by weight of the 



condensable combonent comprises olefins. 



4342. The mixture ofixlaim 4325, wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of 
the condensableyComponent comprises oxygenated hydrocarbons. 

4343. Tlymixture of claim 4325, wherein the condensable component further 
comprised oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 



43^4. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
/herein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H 2 . 



4345. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbonsxemprfeeTIir^d wherein greater than about 
15 % by weight of thejioR<Sndensable hydrocarbons comprises H 2 . 
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4j%6t Tho mixtunr ofctaim 4325, Further conipr i s fflg-aQi^ hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbonsTta^ing carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 



10 



4347. A mixtarTpfCK^iced from a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocarbons, wherein less than about 5% by weight of the 
condensable hydrocarbons Comprises hydrocarbons having a carbon number greater than 
about 25; and 

wlferein the cpndefrsable4*ycfrocarbons further comprise aromatic compounds, 
wherein m<\re than aHout 20 % by weight of the/ondensable hydrocarbons comprises 
aromatic coritoounds. 



m 
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15 4348. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydroie!arbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to ^methane, is greater than approximately 1. 

20 4349. The mixture of claim 4347, wherein the condensable hydrocarbons further 

comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



4350. The mixjaire of claim 4347, further comprising non-condensable hydrocarbons, 
25 wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



435 1 . The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons i§jikiT)gen. 
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le mixture of claim 4347, wherein the condensable hydrocarboris^irther 
comprise oxygen, and wherein less than about 1 % by weight, when calculated^ an 
atomic basis, of the condensable hydrocarbons is oxygen. 
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5 4353. The mixture^o£$laim 4347, wherein the condensable hydrocarbons'further 
comprise sulfur,/and wherfein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4354. The mixture of claim- 4347, wherein the condensablp4iydrocarbons further 
10 comprise oxygen containing compouncK/wherein about/5 % by weight to about 30 % by 

weight of tha condensable Hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comnnse phenols. 

4355. The mixture of claim 4347, wherein the condensable hydrocarbons further 
15 comprise multi-ring&rematics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4356. The mixture of claim4347, wherein the condensable hydrocarbons further 
comprise asphaltenes, axw wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are aspbaltenes. 



25 



4357. The mixture of claim 4347, wherein the condensable hydrocarbons comprise 
cycloalkanes/and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

435y The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 

/drogen is greater than about 10 % by volume and less than about 80 % by volume of 
/the non-condensable hydrocarbons. 
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4359. The mixture of claim 4347, further comprising ammonia, and wherein greater 
than alxnll 0.05 % by weight or the produced mixture is ammeftia__^^ 



4360. The mixture ofdaim 434Y, further comprising ammonia, and wherein the 
ammonia is used to cfroduce fertilizer. 

4361 . The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise olefin/, and whereih about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefinV 



4362. The mixture of claim 4347, N wherein the condensable hydrocarbons^ftfrther 



comprises ole 



Ins, and wherein about bvl % to about 2 % by weighpefthe condensable 



hydrocarbons Comprise/ olefins. 



4363. The mixture of claim 4347, wherein th^xfmidensable hydrocarbons further 
comprises multi-ring aromatic compounjisfand wherein less than about 2 % by weight of 
the condensable hydrocarbons comfJnses multi-ring aromatic compounds. 

4364. The mixture ofefaim 4347, wherein the condensable hydrocarbons comprises 
oxygenated hydrodirbons, and wherein greater than about 1 .5 % by weight of the 
condensable ^hydrocarbons comprises oxygenated hydrocarbons. 

4365/ The mixture of claim 4347, wherein the condensable hydrocarbons comprises 
o/ygenated hydrocarbons, and wherein greater than about 25 % by weight of the 
'condensable component comprises oxygenated hydrocarbons. 



4366. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 



wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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4367 : TTi£j3Hxttn^oFcIaim 4347, further comprisiligli5rT=eefldgnsable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein gifea^er than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 
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4368. The mixture of claim 4347, further comprising non-condensable hydrooarbons, 
wherein the ion-condensable hydrocarbons'comprises hydrocarbons having j^arbon 
numbers of less than 5, and wherein a^eight ratio of hydrocarbons haviijg carbon 
numbers from 2 thrlpygh 4, tfo meth^fie, is greater than approximately 0^3. 

10 43^9. A mixture pi oduc&Hfrom a portion of a hydrocarbon jxintaining formation, 
comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of le\s than about 5/ wherein a weight ratio of the/nydrocarbons having carbon number 
from ZHJirough 4/to methane, in the mixture,*/ greater than approximately 1 ; 
15 wherein the non-condensable hydrocarbons further comprise H2, wherein greater 

than about 15 % by weight of the nor^condensable hydrocarbons comprises H2; and 
condensable hydrocarbons^ comprising: 

oxygenated hydrocarbons, wherein greater than about 1 .5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 
20 olefin^wherein less than about 10 % by weight of the condensable 

hydrocarbons comprises olefins; and 

romatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 



25 4370; The mixture of claim 4369, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
'condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4371 . The mixture of claim 4369, wherein the condensable hydrocarbons further 
30 ^co mprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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ie mixture of claim 4369, wherein the condensable hydrocarbons^ftirther 
comprise oxygen, and wherein less than about 1 % by weight, when calculated Y>n an 
atomic basis, of the condensable hydrocarbons is oxygen. 



03 

ssa 

w 

M 

a 
□ 



10 



15 



20 



4373. The mixture o£clairn 4369, wherein the condensable hydrocarbon/further 
comprise sulfur/and wherein less than about 1 % by weight, when calculated on an 
atomic basis,/6f the condensable hydrocarbons is sulfur. 



4374. The 



weight of tr 



mixture of claim 4369, wherein the condensable4iydrocarbons further 



\\ 



comprise oxygen containing cdmpounds, wherein abouJ/5 % by weight to about 30 % by 

lydnocarboi^ 



e condensable hyd] 



wherein the pxygen containing 



:ompounds comprise phenols. 



pns€ 



>en containing compounds, and 



4375. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
multi-ring aromatk^, and wh^fein les^than about 5 % by weight of the condensable 
hydrocarbons comprises multi-rine / aromatics with more than two rings. 

4376. The mixture of claim / 4369, wherein the condensable hydrocarbons comprise 
asphaltenes, and wherein/fess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



25 



4377. The mixfiire of claim 4369, wherein the condensable hydrocarbons comprise 
cycloalkanes, a(nd wherein about 5 % by weight to about 30 % by weight of the 
condensable4iydrocarbons are cycloalkanes. 



4378. The mixture of claim 4369, wherein the non-condensable hydrocarbons 
comprises hydrogen, and wherein greater than dbo^JSi^frbf^o^^Q and less than about 
80 %/by volume of the non-conderjsabfeliydrocarbons. 
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43 ^. The mixt ujg-££etofir^69, further comprising ammonia, and wlfere^n greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4380. The mixture of claim 4369, further comprising ammonia, and whereiij/the 
ammonia is used to produce fertilizer. 
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438 1 . The mixtur^etckim 4369, wherein the condensable hydrocarbons further 
comprise hydro/arbons havh^g a carbon number of greater than approximately 25, 
wherein less tMan aboUt 15 % u\ weight of the hydrocarbons^Kave a carbon number 
greater than approximately 25. 



4382. The mixture of 
condensable hydrocarb 



;lafr*i 4369, Wherein about^.l % to about 5 % by weight of the 
ns comprised olefins. 



4383. The mixture of claim 4369, wherein about 0.1 % to about 2 % by weight of the 
condensable hydrocarbons compriseyolefins. 



n i 

: to 

CSS 



20 



4384. The mixture of claim 4#69, wherein greater than about 25 % by weight of the 
condensable hydrocarbons Comprises oxygenated hydrocarbons. 

4385. The mixture of claim 4369, wherein the mixture comprises hydrocarbons having 
greater than about 2carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than aboift 2 carbon atoms to methane is greater than about 0.3. 



25 4386. A n^ixture produced from a portion of a hydrocarbon containing formation, 
comprisir 

rondensable hydrocarbons, wherein less than about 5 %by > Wefght of the 
conderfsable hydrocarbons comprises hydrocar^OftHtaving a carbon number greater than 
about [25; 

30 N w hereinj he---cx5n3ensable hydrocarbons further comprise: 
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oxygenated hydrocarbons, wherein greater than 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 30 % by wej^ht of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein gvep£r than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2 > 



4387. The naixture of claVn 4386, wherein the non-cpndensable hydrocarbons further 
comprises hydrocarbons having carbon numbers ofless than 5, and wherein a weight 
ratio of hydrocarbon^ having carbon numbers^from 2 through 4, to methane, is greater 
than approximately 



4388. THe mixture of claim 4^6^hefein the non-condensable hydrocarbons comprise 
ethene and £than6, and wherein^ molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from ajzfout 0.001 to about 0.15. 



4389. The mixture of'xlaim 4386, wherein the condensable hydrocarbons further 
comprise nitrogen ? >mid wherein less than about 1 % by weight, when calculated on an 
atomic basis, of ^me condensable hydrocarbons is nitrogen. 

4390. Themiixture of claim 4386, wherein the condensable hydrocarbons further 
comprise/oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic/oasis, of the condensable hydrocarbons is oxygen. 



439/1 . The mixture of claim 4386, wherein the condensable hydrocarbons further 
colnprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4392. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds^^ 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen cont^imng^compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4393. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings, y 

4394. The mixture </f claim 4386, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight oftj^condensable 
hydrocarbons are asphaltenesA 

4395. The mixture of claimf 43 &6, wherein the concjefisable hydrocarbons comprise 
cycloalkanes, and wherein about 5 %4^^sig^oabout 30 % by weight of the 
condensable hydrocarbon/ are cycloalkap^s. 

4396. . The mixture of claim 43156, wherein greater than about 10 % by volume and less 
than about 80 % by volume of the non-condensable hydrocarbons is hydrogen. 

4397. The mixture of claim 4386, further comprising ammonia, and wherein greater 
than about OJ03 % by weight of the produced mixture is ammonia. 

4398. /The mixture of claim 4386, further comprising ammonia, and wherein the 
ampnonia is used to produce fertilizer. 

^4399. The mixture of claim 4386, wherein about 0. 1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

44mT^ hc mixturc -orfrtanfT^867wherein about 0. 1 % to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 
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4401^JOie-iTri^!u^ 4386, wherein the condensable hydrocart^onsrottiprises 

oxygenated hydrocarbons, and wherein greater than about 15 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



4402. The mixfure of claim 438ck wherein the mixture comprises hydrocarbons/having 



03 



P< 

1 1ST 



o 



greater than apout 2 carbori 
greater than about 2 carbon 



to 



id whep^in the weight ratio of hydrocarbons having 
lane is greater than about 0.3. 



10 4403. A condensable mixjfure produced from a portion of a Ijyarocarbon containing 
formation, conrprising: 

olefins, whQreiij^bout 0.1 % by weight to abpdt 15 % by weight of the 
condensable mixture comprises olefins; 

oxygenated hydrocarbons, wherein leg§ than about 15 % by weight of the 
15 condensable mixture comprises oxygenated hydrocarbons; and 

asphaltenes, wherein less thaj^about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. 

4404. The mixture of cteim 4403, wherein the condensable mixture further comprises 
20 hydrocarbons having^a carbon number of greater than approximately 25, and wherein less 
than about 15 weignt % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 



is 



4405. T/he mixture of claim 4403, wherein about 0.1 % by weight to about 5 % by 
weight of the condensable mixture comprises olefins. 



30 



4406. The mixture of claim 4403, wherein the condensable mixturejuiinet-eoTTTpnses 
ion-condensable hydrocarbons, whereinjlie-aen^CSr^ hydrocarbons comprise 

\ethene and ethane, andj^^ier^ma molar ratio of ethene to ethane in the non-condensable 
hydrocarbonsranges from about 0.001 to about 0.15. 
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4407. The mixtu££j}£etaTfir3303, wherein the condensable mixture furtKel^ompnses 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic^asis, 
of the condensable mixture is nitrogen. 



4408. The mixture of claim 4403, wherein the condensable mixture further coniprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an / #fomic basis, 
of the condensable mixture is oxygen. 
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4409. T/ie mixture d£ cl&jn 4403 , 
sulfur, afod wherein le^sHljar^ about 
the condensable mixturfe is su 



wherein the condensable mixture further comprises 
>y weight, when calculated on an atomic basis, of 



4410. Thf mixture of claim 4403, wherein the condensable mixture further comprises 
oxygen contMiyiigcpriipounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygen containing compounds corafprise phenols. 

441 1. The mixture of clainy4403, wherein the condensable mixture further comprises 
aromatic compounds, and^wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 
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4412. The mixture of claim 4403, wherein the condensable mixture further comprises 
multi-ring aronafatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbon/ comprises multi-ring aromatics with more than two rings. 

4413. The mixture of claim 4403, wherein the condensable mixture further comprises 
cycloal^anes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable mixture are cycloalkanes. 



30 441ft. The mixture of claim 4403, wher^ia-thS^ondensable mixture comprises non- 
condensable hydrocarboijs^aiTdwherein the non-condensable hydrocarbons comprise 
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SeuTthe hydrogen is greater than about 10 % by volume oftF 



condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volum^ 
of the non-condensable hydrocarbons. 

4415. The mixture of claim 4403, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4416. The mixture of claim 44^03, further comprising ammonia, and whej^in the 
ammonia is used to produce fertilizer. 



44 1 7. The mixture of 
weight of the condensable 



claTnr44©37 wherein about 0.1 % by^eight to about 2 % by 
mixture comprises olefins. 



4418. A coiM^nsalpre mixture produced from^fportion of a hydrocarbon containing 
formation, comprising: 

olefins, wherein about 0.1 % b/weight to about 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 

oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 
condensable mixture/Comprises oxygenated hydrocarbons. 

4419. The mbtture of claim 4418, further comprising hydrocarbons having a carbon 
number of greater than approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture have a carbon number greater than approximately 25. 



4420. /The mixture of claim 4418, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when ralmlatpH on an ^to mip 
of the condensable hydrocarbons is nitre 
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442 1 . ^The mixtui£jo£^tett^^ the condensable mixture further comprises^ 

oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 
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4422. The mixture of claim 44^. wherein 
sulfur, and wherein less than ^fbout 1 % by weig! 
the condensable hydrocarbo/is is sulfiir 



condensable mixture further cojprprises 

alculated on an atomic basis, of 



4423. The mixture of claim 4418, wh 
oxygen containing compouiMs, where 



rein the condensable^hixture further comprises 
n about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbon^ compose oxygen cpmaining compounds, and wherein the 
oxygen containing compounds comprise phenyls. 



20 



4424. The mixture of claim 4418, wherein the condensable mixture further comprises 
aromatic compounds, and wherein/greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 

4425. The mixture of ctaim 441 8, wherein the condensable mixture further comprises 
condensable hydrocaj?bons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



25 



4426. The nzfixture of claim 4418, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4427. The mixture of claim 4418, further comprising ammonia, wherein greater than, 
about 0.05 % by weight of the produced mixture is ammonia. 




442£. The mixture of claim 441 8, 
used tfr-gtpduce 



omprising ammonia, wherein the ammonia is 
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442^-ArrTixTureproduceci from a portion of a hydrocarbon contalfti^g formation, 
comprising: 

non-condensable hydrocarbons and Ft, wherein greater than about) 10% by 
volume of the non-condensable hydrocarbons and H2 comprises H2; 

ammonia and water, wherein greater than about 0.5 % by weight/bf the mixture 
comprises ammonia; and 

condensable hydrocarbons. 
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4430. The mixture 1 
compri >e hydrocarb 
of the hydrocarbons 
is greater than 



acclaim 4429, wherein the non-condep^able hydrocarbons further 
yns having carbptfnumbers of less^tftan 5, and wherein a weight ratio 
haViogj^rtxm numbers from 2/fhrough 4 to methane, in the mixture 
approximately 1 . 



443 1 . The mixltffe of claim 4429, whep6in greater than about 0. 1 % by weight of the 
condensable hydrocarbons are olefin^, and wherein less than about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4432. The mixture of claim 4429, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocaftons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane ii/the non-condensable hydrocarbons is less than about 0.15. 



25 



4433. The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

4434. The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 



30 



4435. The mixture of claim 4429, wiiereift4essTfian about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 
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4436. TJie-^mxTure^ 4429, wherein about 5 % by weighTto^aboiit30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compoimd^, and 
wherein the oxygen containing compounds comprise phenols. 

5 4437. The mixture of claim 4429. wherein greater than about 20 % by weight of jfte 
condensable hydrocarbons are aromatic compounds. 
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4438. The mixture of claim 4429, wherein less than about 5 % by weight pi the 
condensable hydrocafoons comprises multi-ring aromatics with more th^n two rings. 




4439. The mixture of claim 41429, wherein less than about 0.3 %Joy weight of the 
condensable hydrocarbons arelasphaltenes. 

4440. The mixture of claim/4429, wherein about 5 % b^ weight to about 30 % by 
weight of the conoqisable^iydrocarbons are cycloaLkanes. 

4441 . The mixture of claim 4429, wherein tjae H2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and Hz 

4442. The mixture of claim 4429/wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. 



4443, The mixture of clmm 4429, wherein the ammonia is used to produce fertilizer. 

25 4444. The mixture of claim 4429, wherein less than about 5% of the condensable 
hydrocarbons h^ve carbon numbers greater than 25. 



30 



4445. Th/ mixture of claim 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greater than about about 0.001 % by weight of the condensable 
hydrocarbons comprise olefins, and wherein less than about 15% by weight of the 
condensate hydrocarbons comprise olefins. 
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-TlieTTTfxfure of claim 4429, wherein the condensable hydrocar&Qjis comprise 
olefins, wherein greater than about about 0.001 % by weight of the condensable 
hydrocarbons comprise olefins, and wherein less than about 10% by weight of /he 
condensable hydrocarbons comprise olefins. 
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4447. The fnixture of claim 4429, wherein the condensable hydrocaroons comprise 
oxygenated hydrocarbons, and wherein greajerthan about 1.5 °A/oy weight of the 
condensable hydrocarbons comprise^cygenated hydrocaj&ons. 

4448. Trie mixture or claim 4429, wherein the ^afndensable hydrocarbons further 
comprise nfteogep^ontaining compounds. 

4449. A method of treating a hydrocarbon containing formation in situ comprising 
providing heat from three or more/neat sources to at least a portion of the formation, 
wherein three or more of the h^at sources are located in the formation in a unit of heat 
sources, and wherein the u/ut of heat sources comprises a triangular pattern. 

4450. The method jof claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, and wherein the plurality of units are repeated 
over an area ofrihe formation to form a repetitive pattern of units. 



445 1 . Ttavmethod of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
25 an area oflthe formation to form a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. 



4452. The method of claim 4449, wherein three or more of the heat sources are located 
30 in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
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luction wells are located within an area defined by the plurality of unitsTwttefein the 
three or more production wells are located in the formation in a unit of production wells> 
and wherein the unit of production wells comprises a triangular pattern. 
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4453. The method of claim 4449, wherein three or more of the heat sources are loc^d 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formatjerTToHimTi a repetitive patfern of units, wherein three op'more 
injection wells ar/located withm an area defined by the plurality of uni^f wherein the 



three or more ir 
wherein the unit 



ection wells are loeatea in the formation in a unit^ar injection wells, and 
of injectiorp^ettScomprises a triangular patte 



4454. The metHod of claim 
in the formation iiv 



. pluralil 



4449, wherein three or.more of the heat sources are located 
of the units, wherdn the plurality of units are repeated over 
an area of the foimatioiTtff form a repetitiv^pattern of units, wherein three or more 
production wells and three or more injeaion wells are located within an area defined by 
the plurality of units, wherein the tjarce or more production wells are located in the 
formation in a unit of production wells, wherein the unit of production wells comprises a 
first triangular pattern, whepein the three or more injection wells are located in the 
formation in a unit of injection wells, wherein the unit of injection wells comprises a 
second triangular pattern, and wherein the first triangular pattern is substantially different 
than the second triangular pattern. 



4455. The/method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
25 an ared of the formation to form a repetitive pattern of units, wherein three or more 

monitoring wells are located within an area defined by the plurality of units, wherein the 
tjp-ee or more monitoring wells are located in the formation in a unit of monitoring wells, 
id wherein the unit of monitoring wells comprises ajijaaswianjatrern. 



30 \4456. The meihod-tfTcIaim 4449, wherein a production well is located in an area 
defined by the unit of heat sources. 
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4457._JfeeTETetEod of claim 4449, wherein three or more of the heat soufses are located 
in the formation in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is inverted with respect to the second unit. 
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4458. The method of claim 4449, wherein a distance between each of the Xeat sources in 
the unit^f heat sources varies by less than about 20 %. 



The method of claim 4449, wherein a distance between epch of the heat sources in 
of heat sou^&qs is approxwfiately equal. 



4460. The method of claim 4449, wherein providingneat from three or more heat 
sources comprises substantially uniformly providing heat to at least the portion of the 
formation. 

446 1 . The method of claim 4449 )y wherein the heated portion comprises a substantially 
uniform temperature distributic 

4462. The method of claim 4449, wherein the heated portion comprises a substantially 
uniform temperature'aistribution, and wherein a difference between a highest temperature 
• in the heated portfon and a lowest temperature in the heated portion comprises less than 
about 200 °Cy 



4463. Trie method of claim 4449, wherein a temperature at an outer lateral boundary of 
25 the triangular pattern and a temperature at a center of the triangular pattern are 
approximately equal. 



30 



1464. The method of claim 4449 J j#her€inli temperature at an outer lateral boundary of 
\he triangular patterjj^ftd^emperature at a center of the triangular pattern increase 
substantially linearly after an initial period of time, and wherein the initial period of time 
comprises less than approximately 3 months. 
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4465. \Tre-method~cy^^ 4449, wherein a time reqoked to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 
of the heated portion to the selected temperature with a hexagonal pattern of heat sources. ^ 
and wherein a space betwe en ea ch of the heat sources in the triangular pattern is 
approximately equal perk space between each of the heat sources in the hexagonal Bittern. 



J3 
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4466. The method of claim 4449, wherein a time required to increase ajdmperature at a 
10 coldest point witnin the heatQdportion toXselected temperature witja / me triangular 

pattern of heat sources is substantially less than a time requiredjtc increase a temperature 
at the coldest point within the fteated portion to the selected/temperature with a hexagonal 
pattern of heat sou\ees, and wtierein a space between eafii of the heat sources in the 
triangular pattern is a^preximately equal to a spac^/fetween each of the heat sources in 
1 5 the hexagonal pattern. 

4467. The method of claim 4449, wherein a time required to increase a temperature at a 
coldest point within the heated porUwi to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 

20 at the coldest point within thj?heated portion to the selected temperature with a hexagonal 
pattern of heat sources, ami wherein a number of heat sources per unit area in the 
triangular pattern is eodal to the number of heat sources per unit are in the hexagonal 
pattern of heat sources. 



25 4468. The inethod of claim 4449, wherein a time required to increase a temperature at a 
coldest poinx within the heated portion to a selected temperature with the triangular 
pattern ofi4ieat sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat^SQjorG^s-nrtne 

30 triangular pattern is approximately 5 m greaterjhaa-a-spacFbetween each of the heat 
sourcesin the hexagonalpaf 
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4469. The method of claim 4449, wherein providing heat from three or 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from three^ 
or more of the heat sources, wherein the formation has an average heat capacity (C v ) ; anc 
wherein heat from three or morgjxtthe heat sources pyrolyzes at least some hydrocarl^zms 
within the selected volume/of the formation; and 

wherein heating /nergy/day provide^ ty/the volume is equal to or less^pKan Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h * V*Ci*p 8 / \j/ 

wherein Pwr ik the heating energy/day, h is an average^ating rate of the 
formation, p B is formatrem bujK density, and wherein the j>£ating rate is less than about 
10°C/day. 

4470. The method of claim 4449, whereij^fhree or more of the heat sources comprise 
electrical heaters. 



20 



4471 . The method of clainj/f449, wherein three or more of the heat sources comprise 
surface burners. 

4472. The meth<xl of claim 4449, wherein three or more of the heat sources comprise 
flameless distributed combustors. 
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4473. /The method of claim 4449, wherein three or more of the heat sources comprise 
natural distributed combustors. 
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$474. The method of claim 4449, further comprising: 

allowing the heat to transfer from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of the heat sources pyrolyzes at least 
some hydrocarbons within the selected section of the formation; and 
e ducing a mWtnrf * nf fluid" from thr fnrnn li nn ' 
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4475^Tti£jnet bed o f claim 1 174, further comprising cim B^eUiag^temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function 
pressure. 
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4476. The methadof claim 4474, further comprising controlling the heat siK>n that an 
average heaung rate of the selected section is less than about 1 .0° C per dsfy during 
pyrolysis. 




4477. Thte method of c 




allowing the h^at to transfer from three or 



more of the^heat sources jo the selected section compj^es transferring heat substantially 
by conducti<)n. 

4478. The method of claim 4474, wherei^f providing heat from three or more of the heat 
sources to at least the portion of the formation comprises heating the selected section 
such that a thermal conductivity gfat least a portion of the selected section is greater than 
about 0.5 W/m °C. 



tfsSs 20 4479. The method of^Haim 4474, wherein the produced mixture comprises an API 
gravity of at least 2* 
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4480. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 



448/. The method of claim 22, wherein the produced mixture comprises non- 
conaensable hydrocarbons, and wherein a molar ratio of ethene to eth ane in the non- 
condeftsa hle hvdrocz 



ffomabout 0.00 1 to about 0.15. 



Conley. Rose & Tayon. P C. 



4482. I he method of claim 4474. wherein the produced mixture comprises contfcfls&ble 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is nitroeen. 
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4483. The method of claim 4474. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on anatomic 
basis, of the condensable hydrocarbons is oxvaen. 



4484. The metho 
hydrocarbons, arfd whe 




basis, of the cor 



densabl 



4, wherein the produced mixture comprises condensable 
'y weight, whep^calculated on an atomic 

drocarbons is stfffur. 
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4485. The method of ch im 4474, wherein the produced mixture comprises condensable 
hydrocarbons, wfterein apout 5 % by weight to atfout 30 % by weight of the condensable 
hydrocarbons comprise^oxygen containing impounds, and wherein the oxygen 
containing compounds comprise phenoL 



4486. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



25 



4487. The method^ of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbon/comprises multi-ring aromatics with more than two rings. 

4488. /The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.1% by weight of the condensable 

/drocarbons are asphaltenes. 
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4489— The l i i c lhud uf clai m 4474, wherein ihe pr(Khrced-flwmu^£omprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the" 
condensable hydrocarbons are cycloalkanes. 
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4490. The method of claim 4474, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrog^ifis greateHhan about 10 % by volume of the non-condensahi 
component, and wherein the hydrogen is less than about 80 % by volume optfie non- 
condensable component. 



4491. The method 
and wherein gr 




of clairyi 4474, wherein the produced mixture comprises ammonia, 
iout 0.05 % by weight of*Ke produced mixture is ammonia. 



4492. The method of claim 4474, wherejil'the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



fu 
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4493. The method of claim/1474, further comprising controlling formation conditions to 
produce a mixture of hy^racarbon fluids and H2, wherein a partial pressure of H 2 within 
the mixture is greatepfhan about 2.0 bar absolute. 

4494. The meihod of claim 4474, further comprising altering a pressure within the 
formation tor inhibit production of hydrocarbons from the formation having carbon 
numbers Aeater than about 25. 



25 4495/ The method of claim 4474, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

4496. The method of claim 4474, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
withhj the section; and 

heaHa& jl portion of the sect ion v yith hpaLi mm4whTT^^ " 
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The_m*4JrnTt-^ further comprising: 

producing hydrogen from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at leasj a 
portion of the produced hydrogen. 



4498. The method of clgi*tfT^74> s wherein allowing the heat to transfer from thj£e or 
more of the heat sources to the selected section of the formation comprises kx^reasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 



4499. The method 
more of the heat so 



of claim 44714, wherein allowing theKeat to/transfer from three or 
ces to the selected section of th^ormadon comprises substantially 



uniformly increasing\a permeability of 



rtfy of the^elected section. 



4500. The method of claim 4474, further comjfrising controlling the heat from three of 
more heat sources to yield greater than abp<it 60 % by weight of condensable 
hydrocarbons, as measured by the Fisener Assay. 

4501. The method of claim / #474, wherein producing the mixture comprises producing 
the mixture in a productLem well, and wherein at least about 7 heat sources are disposed in 
the formation for eacn production well. 

4502. The method of claim 4474, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources/are located in the formation in a unit of heat sources, and wherein the unit of heat 
sounds comprises a triangular pattern. 



4503. The method of claim 4474, further comprising providing heat from three or more 

hea^gurces to at least a por ^ri of fhf * famnt\nr*-+*hnw>\i\ ihrw nfth* 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

4504. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: 

heating a section of the formation to a temperature sufficient to allow synthesis 
gas generation, wherekfa^rm^bility of the section is substantially uniform and j 
than a permeabilit/ of an unheated section of the formation when the temperature 
sufficient to alloyw synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fluid t0 the section to generate synthesis gas; 



and 



removir 



g synthesis gas 



from the formation. 



4505. The methoo^f claim /504, wherein' the permeability of the section is greater than 
about 100 millidarcy when the temperature suffip^ht to allow synthesis gas generation 
within the formation is achieved. 

4506. The method of claim 4504<Kvherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4507. The method of claim 4504, further comprising heating the section when providing 
the synthesis gas/generating fluid to inhibit temperature decrease in the section due to 
synthesis gas/generation. 



4508. /The method of claim 4504, wherein heating the section comprises convecting an 
oxidizing fluid into a portion of the section, wherein the temperature within the section is 
above a temperature sufficient to support oxidation of carbon within the section with the 
pxidizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
leat within the section. 



lg, method Of claim 4S0^ whprpin th n nv i Hi T4- 




comprises air. 



917 



Conley. Rose & Tayon. P.C 



^F5+& — The mcthod - uf claim 4o09, wherein an amount orthe-e^tdizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by malrttaitiing a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. 
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45 1 1 . The method of claim 4504, wherein heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacent to wellbores/within the formation, oxidizing 
carbon within the reaction zone to generate heat, arid transferring the heano the section. 



4512. The met 
section by transfer 



t>d of clairri N 4504, whpijein heating the sectior^romprises heating the 
of heat frbm one or more of electrical heaters. 



45 1 3. The methoo^f clairn 4504, wherein heating the section to a temperature sufficient 
to allow synthesis gas generation and providing a synthesis gas generating fluid to the 
section comprises introducing steam interne section to heat the formation and to generate 
synthesis gas. 

4514. The method of claim 4^04, further comprising controlling the heating of the 
section and provision of the synthesis gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 
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4515. The method of claim 4504, further comprising: 

monitoring a composition of the produced synthesis gas; and 
Controlling heating of the section and provision of the synthesis gas generating 
fluid/fo maintain the composition of the produced synthesis gas within a selected range. 



4m 6. The method of claim 4515, wherein the selected range comprises a ratio of H2 to 
CO^&fLabout2:l. 
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4517. The method of claim 4504. wherein the synthesis gas generating fluid comprises 
liquid 

4518. The method of claim 4504, wherein the synthesis gas generating fluid comprise 
steam. 



45 19. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
water and carbon dioxid^r^idwlierein the carbon dioxide inhibits production j#i carbon 
dioxide from carbon / containiiig material within^Ke section. 



4520. The met 
synthesis gas ge 



nerating flui 




od of claim < 5197"Wfierein a portion of the carbon dioxide within the 



comprises carbon dioxide removed from the formation. 



4521. The method s e£-ciaim 4504, wherein the svpfhesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the^parbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4522. The method of claim 452J% wherein a portion of the carbon dioxide within the 
synthesis gas generating fluuKiomprises carbon dioxide removed from the formation. 

4523. The method of claim 4504, wherein providing the synthesis gas generating fluid 
to the section coipprises raising a water table of the formation to allow water to flow into 
the section. 



4524. The method of claim 4504, wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
promote production of the synthesis gas whereinthe^**th£sis gas has a selected 
composition. — - — ■ " 
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4525. The method of claim 4524. wherein the substantially constant temperature is 
about 700 °C, and wherein the selected composition has a to CO ratio of about 2: 1 . 
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4526. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbpt^s^re^subjected to a reaction within the section to increas^^zfTh 
concentration of tli^generated synthesis gas. 

4527. The method of claim 4504, w lerein the synthesis gas generating fluid comprises 



water and hv 



synthesis ga: 



Irocarbons h* 



portion of the hydrocarbons reacr^hin the section teuncrease an energy content of the 



vW carbon numbers greater than 4. and wherein at least a 



removed frori the formatiotbs 



4528. The method^f clj/m 4504, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electrick 

4529. The method^of claim 4504, further comprising generating electricity from the 
synthesis gas usuig a fuel cell. 

4530. /The method of claim 4504, further comprising generating electricity from the 
syntnesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell. 

id storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

453 1 . The method of claim 4504. further comprising using a portion of the synthesis gas 
as a combustion fuel to heat the formation. 



^•4^32^. The method of claimJ dC M. furt herxompnsing converting at least a portion of the 
30 produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 
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45 3 3 . The meth od of clair 
produced synthesis gas to methanol. 



tins at least a portion of the 



4534. The method of claim 4504. further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 
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4535. The methocKff claim 4^504, further comprising converting at least a portion^ the 
synthesis gas to/methane v using a catalytic methanation process. 



4536. The m'ethod of clai 
heat sources {o at least a 
sources are 1 
sources comp 



43^4 ^urther ^Qffl^nsing providing heatirom three or more 
poi tion of the formation, wherein three &r more of the heat 
ated in the formation in a unit of heat source&'and wherein the unit of heat 
ises a triangular pattern. 



20 



4537. The method of claim 4504, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation ij^a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4538. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing h^at from one or more heat sources to at least a portion of the 
formation; 

25 allowing the heat to transfer from the one or more heat sources to substantially 

uniformly increase a permeability of the portion and to increase a temperature of the 
portion to a temperature sufficient to allow synthesis gas generation; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section, wherein the synthesis gas generating fluid comgrises-Ga^^ 

obtaining a portion ofthe-GafbofT^ioxide of the synthesis gas generating fluid 
from tTiS^trnfTanonTand 



921 



Conley. Rose & Tayon. P C. 



producing synthesis gas from the formation. 



4539. The method of claim 4538, wherein the temperature sufficient to allow^nthesis 
gas generation is within a range from about 400 °C to about 1200 °C. 



4540. The method of claim 4538, further comprising using a second portion of t\ 
separated carbon dioxide as a flooding agent to produce hydrocarbon bed methane from a 
hydrocarbon containing formation.' 



4541. The method 
deep hydrocarb 



of claim 4540, wherein the hydrocarbon contairurfg formation is a 
containing formation ovej^oO m below ground surface. 



4542. The metho&of claim 4540] wherein the hydrocarbon containing formation 
adsorbs some of the carbon dioxide to sequester the oarbon dioxide. 

4543. The method of claim 4538, further comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 

4544. The method of claim 453$f wherein the synthesis gas generating fluid comprises 
water and hydrocarbons havmg carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration withjn the produced synthesis gas. 

4545. The meth6d of claim 4538, wherein the synthesis gas generating fluid comprises 
water and hyd/ocarbons having carbon numbers greater than 4, and wherein at least a 
portion of tpe hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 



4546./ The method of claim 4538, further comprising m aintaining a pressure within the 
formation during synthesisjjas^eaera^^ produced synthesis gas through a 

turbine to generate electricity. 
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The meJh od^efemTT»55'8. further eofTOrrsira 
synthesis gas using a fuel cell. 



^electricity from the 



4548. The method of claim 4538, further comprising generating electricity from the 
synthesis gas using a fuel c^Ur-separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion jrflhe separated carbon dioxide within a spent portion of the 
formation. 
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4549. The method of claim 453^8, further comprising usij^aportion of thp^ynthesis gas 
as a combustion fuel for heating the^Qmiatior 

4550. The method of claim/4538, further comprising cqp^erting at least a portion of the 



produced 
process. 



ynthesis gas to/ondensable hydrocarbons^sing a Fischer-Tropsch synthesis 



ESS 
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455 1 . The method of claim 4538, further comprising converting at least a portion of the 
produced synthesis gas to meth#iol. 

4552. The method of^faim 4538, further comprising converting at least a portion of the 
produced synthesi^gas to gasoline. 



25 



4553. Th^method of claim 4538, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

)54. The method of claim 4538. wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H 2 to carbon monoxide of greater than about 2. 
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4555. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater fhairappi^xiiQately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 
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4556. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a ternperafiJre of approximately 700 °C to produce a synthesis 
gas having a ratio of H? tp^arbon monoxide of approximately 2. 

4557. The method qf claim 4538, wndrein a heat source of the one or more of heat 
sources comprises ah electrical heaterN 



4558. The method of claim 4538, wherein a heat source of the one or ^jrlore heat sources 
comprises a natural distributor heate^ 

4559. The method of claim-45^8, wherein a heat souped of the one or more heat sources 
comprises a flameless distributor combustor (FDC^neater, and wherein fluids are 
produced from the wellbore of the FDC heater :hrough a conduit positioned within the 
wellbore. 

4560. The method of claim 4531$, further comprising providing heat from three or more 
heat sources to at least a pomon of the formation, wherein three or more of the heat 
sources are located in tjre formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a^triangular pattern. 



25 
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4561. The nafethod of claim 4538, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources ire located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over/an area of the formation to form a repetitive pattern of units. 

45q2. A method of in situ synthesis gas production, comprising: 
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least a first portion of a carbon containing formation; 

allowing the heat to transfer from the one or more heaters to a selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the select^ 
section to a temperature sufficient to generate synthesis gas; 

introducing a syptKesTs^s producing fluid into the selected section to g^rterate 
synthesis gas; and 

removing sy/ithesis Wis from the formation. 



4563. The method of claim 
heaters, and wherein supe: 



4562, wherein the one or more heaters comprise at least two 
sition of heat from at least th^rwo heaters substantially 
uniformly increases a perrnfeability of the selected section, and raises a temperature of the 
selected section to\a temfferature sufficient to generate synthesis gas. 



4564. The method of claim 4562, furthepxompristng producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesi^gas through a turbine. 

4565. The method of claim 4562, further comprising producing pyrolyzation products 
from the formation wh^n raising the temperature of the selected section to the 
temperature sufficient to generate synthesis gas. 

4566. The moxhod of claim 4562, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 
portion o£fthe formation. 



4567. /The method of claim 4562, further comprising stgting^farbon dioxide within a 
spent portion of the formation, whereinjyxamtfunt of carbon dioxide stored within the 
spent poHi^noftheJI^ to or greater than an amount of carbon dioxide 

within the removed synthesis gas. 
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4568. The method of claim 4562, further comprising separaHng^a-pottion of H2 from the 
removed synthesis gas; and using a portion of the separated H2 as fuel for the^ohe^r more 
heaters. 

\ 

4569. The method of claim 4568, further comprising using a portion of exhaust products 
from one or more heaters as a portion of the synthesis gas producing fluid 



4570. The method^f claim4562, further comprisin^using a portion of Jke removed 
synthesis gas witlVa fuel cell' to generate electricit 

4571. The metmod of claim 4570, wherein the fuel celLpfoduces steam, and wherein a 
portion of the steam is used as a portion of the syrtth^sis gas producing fluid. 



4572. The method of claim 4570, wherein the fuel cell produces carbon dioxide, and 
wherein a portion of the carbon dioxide is introduced into the formation to react with 
carbon within the formation to produce carbon monoxide. 

4573. The method of clmm 4570, wherein the fuel cell produces carbon dioxide, and 
storing an amount ofcarbon dioxide within a spent portion of the formation equal or 
greater to an amotmt of the carbon dioxide produced by the fuel cell. 

4574. The /method of claim 4562, further comprising using a portion of the removed 
synthesis/gas as a feed product for formation of hydrocarbons. 



4575. / The method of claim 4562, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the formation to increase an amount of H2 within the generated synthesis gas. 

4576. \The method of claim 4562, further comprising providing heat from threejiwrrSre 
heat sourceMciat least a portion of the fonnatic^^ more of the heat 
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so urces are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4577. The method of claim 4562, further comprising providing heat from three or m^re 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fonjKtfion in^nit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and\vherein a plurality of the units are repeat^ 
over an area of the formation to form a repetitive patternofjunits. 

4578. A method of/treating a hydrocarbon containingTormation, compri^ifig: 
heating a portion of the bnpation with one or more electricaUfeaters to a 

temperature sufficient to pyrolyze hydrocarbons within the portion; 
producing pyrolyzatiory fluid from the formation; 
separating a fueVc^ll.ieed stream from the pyrptyzation fluid; and 
directing the fuel cell feed stream to a fud^ell to produce electricity; 



4579. The method of claim 4578, wherein the fuel cell is a molten carbonate fuel cell. 

4580. The method of claim 4o7o, wherein the fuel cell is a solid oxide fuel cell. 

4581. The method o^claim 4578, further comprising using a portion of the produced 
electricity to power the electrical heaters. 

4582. TJafe method of claim 4578, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 



>83. The method of claim 4578, wherein the 
hydrocarbons having a carbon number of less than 5. 



fream comprises H 2 and 
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^5Mr---^FRrmethocl of claim 4578, wherein the fuel cell feed streamcb^nprises H2 and 
hydrocarbons having a carbon number of less than 3. 

4585. The method of claim 4578, further comprising hydrogenatingahe pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 

4586. The method of claim 4578, wherein the hydrogenatijm is done in situ by directing 
the H? into/fne forrhation. 



4587. 



ie method of claim 4578, wherein the hydrogenation is done in a surface unit. 



4588. The method of claim 4578, further comprising directing hydrocarbon fluid having 
carbon nu\nbers lass than 5 adjacent to at l^ast one of the electrical heaters, cracking a 
portion of &e hydrocarbons to produce,!^, and producing a portion of the hydrogen from 
the formatioir 



4589. The method of claim 4588, further comprising directing an oxidizing fluid 
adjacent to at least the one ot the electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4590. The method m claim 4578, further comprising storing CCb from the fuel cell 
within the formation. 

4591 . The method of claim 4590, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. 

4592. The method of claim 4578, further comprising cooling the portion to form a spent 
portior/ of formation. 



4593. 1 The method of claim 4592, wherein cooling the portionjiompo^^ 
water inftsthejDortion topr^duce-steamT^naTemoving steam from the formation. 
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459^4&©-method^ further comprising usingTpo?tr^Qf the removed 

steam to heat a second portion of the formation. 



M 3 



4595. The method of claim 4593, further comprising using a portion of the Removed 
steam as a synthesis gas prodtr^mgftb^d in a second portion of the formatic 




4596. The method of oiaim 4} AS.turtheA comprising: 

heating the portion to a te upetaUire-safficient to support generation of synthesis 



10 gas after production of tthe pyrol 



zation fluids; 



introducing a synlhesis/gas producing fluid into the portion to generate synthesis 



gas; and 



removing a portion of the synthesis gas from tHe formation. 



ru 
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15 4597. The method of claim 4596, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 

4598. The method of claim 459£f further comprising using a first portion of the removed 
20 synthesis gas as fuel cell feedy 



4599. The method of c^aim 4596, further comprising producing steam from operation of 
the fuel cell, and using the steam as part of the synthesis gas producing fluid. 

25 4600. The metnod of claim 4596, further comprising using carbon dioxide from the fuel 
cell as a parLof the synthesis gas producing fluid. 

4601 . Trie method of claim 4596, further cojnprtsing using a portion of the synthesis gas 
to produce hydrocarbon product* 



30 



Conley. Rose & Tayon. P.C. 



4602. The method of claim 4596, further comprising cooling the portion to form a spent 
p"?mternrf"fcrmation~ 



4603. The method of claim 4602, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 



4604. The method / 6f claim^OS, further comprising using a portion of the i^moved 
steam to heat a second portion of the formation. 

4605. The method of claim 4603, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion d^he formation. 



4606. The method ofsdaiD>4578, further comprising^roviding heat from three or more 
heat sources to at least a portion of the formation/wherein three or more of the heat 
sources are located in the formation in a unit^ heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4607. The method of claim 45 7&f further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4608. A methou for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formatioFi; 

allowing the heat to transfer from the one or moreheafsources to a selected 
sectioA of the formation such that the heat frorsx^he^ne or more heat sources pyrolyzes at 
least sWie of the hydrocarbon§jtvith^ selected section of the formation; 
proaucmg^yrolysis products from the formation; 
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heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

providing a synthesis gas generating fluid to at least the portion of the"s$teeted 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 

4609. The method pfclaim 4608, whereiii the one or more heat sources comprise at 
least two heat sources, and whereirAsuperposition of heat from at least the two heat X 
sources pyrolyzes at least some tydrobai^ xm^ withinj hejelected section of the/ 
formation. / I \ 

4610. The method of claim 4608, further comprising allowing/the heat to transfer from 
the one or morb-h£al>smirces to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

461 1 . The method of claim 4608, further^mprising controlling heat transfer from the 
one or more heat sources to produce a^permeability within the selected section of greater 
than about 100 millidarcy. / 

4612. The method of dmm 4608, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within tKe selected section during synthesis gas generation. 

4613. The method of claim 4608, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4644. The method of claim 4608, wherein heating at least the portion of the selected 
Section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
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^ ^zones jgi&mpefafures sufficient to support reaction of carbon-containingnTat^rial within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon-y 
containing material within the zones to produce heat in the zones; and 

transferring heat froriLthe zones to the selected section. 



yj 



u 

m 



46 1 5. The method pf claim 4608, wnferein heating at least the ppnion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

10 introducing; an oxidizing, fluid into the formation/tnrough a wellbore; 

transporting the oxidizing mrid-strbst^tiallyXe convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxiiiizirfg fluid wither the portion of the selected section to generate 
15 heat and raise the temperature of the portion. 

4616. The method of claim 40D8, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 



20 4617. The method ojclaim 4608, wherein one or more heat sources comprise one or 
more heater wells, Xvherein at least one heater well comprises a conduit disposed within 
the formation, ajra further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



25 46 1 8. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 



intro< 



icing steam into the portion. 



4619. \ The method of claim 4608, further comgDsiftg-ctynfr^lling the heating of at least 
the porti^ qf selected^ £CXietrafia^provision of the synthesis gas generating fluid to 
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maintain a temperatuisjaitto section above the 

iperature sufficient to generate synthesis gas. 



4620. The method of claim 4608, further comprising: 

monitoring a cdmpositl&n of the produced synthesis gas; anc 
controlling Keating of at leak the portion o&selected sectkm and provision of the 

synthesis gas generating fluid^q maintain the^p<5mposition of^ne produced synthesis gas 

within a desired range. 
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10 4621. The method o^claim 4^08, wherein the synthesis gas generating fluid comprises 
liquid water. 

4622. The method of claim 4608,ylierein the synthesis gas generating fluid comprises 
steam. 



15 



4623. The method of clsum 4608, wherein the synthesis gas generating fluid comprises 
water and carbon dicmde, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



20 4624. The method of claim 4623, wherein a portion of the carbon dioxide within the 
synthesis^gas generating fluid comprises carbon dioxide removed from the formation. 



25 



4625/ The method of claim 4608, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
fo/mation to generate carbon monoxide. 



'4626. The method of claim 4625, wherein a portion of^he'carbon dioxide within the 
synthesis gas generating fluid comprises carborj^i^xide removed from the formation. 
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4627. Ibe-j?*eth53*orclaim 4608. wherein providing^tKe^5ymh^sis gas generating fluid 
to at least the portion of the selected section comprises raising a water nible of the 
formation to allow water to flow into the at least the portion of the selected sebtion. 
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4628. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons havmg carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H? concentration within the produced synthesis gas. 



4629. The method of claim 46u8^wherein the synthesis ga^generating fluid comprises 
water and hydrocarbons having carbon numbers greatej^fnan 4, and wherein at least a 
portion of the hydrocarbons react within at least Apportion of the selected section to 
increase an energy^oijlent of the produced symhesis gas. 

4630. The method of claim 4608, ftfrther comprising maintaining a pressure within the 
formation during synthesis gas,generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

463 1 . The methocMH claim 4608, further comprising generating electricity from the 
synthesis gas using a fuel cell 




4632. phe method of claim 4608, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent sectiojx-efthe 
brmation. 





4633. The method of clai#HtS{F8, further comprising using a portion of the synthesis gas 
fioh fuel for the one or more heat sources. 
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4634. The mgthod of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4635. The method of claim 4608, further comprising converting at least a portion or\tie 
produced synthesis gas to methanol. 

4636. The method of claim 4608, further comprising converting at least a portion o^the 
produced synthesis gas^KJ gasdiine. 

4637. The method of clafon 4608, further comprising converting at lepdt a portion of the 
synthesis gas tp methane Aisiiig a catalyticju^fhanation process. 

4638. The method of/claim 4608, further comprisin^roviding heat from three or more 
heat sources tVat-le^st a portion of the formation/wherein three or more of the heat 
sources are located in the formation in a uni^m heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4639. The method of claim 46ps, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tWformation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the^brmation to form a repetitive pattern of units. 



4640. A metfiod for in situ production of synthesis gas from a hydrocarbon containing 
formation, ycomprising: 

heating a first portion of the formation to pyrolyze some hydrocarbons within the 
first portion; ^^^^^ 

allowing the heat to transfer from one or moreheaLsoufeesTo^selected section 
of the formation, 

pyrolyzing hydrocarbons within the selected section; 
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§es an aqueous 



3iiKluetiiBTluia from the first portion, wherein the fluicTct 
fluid and a hydrocarbon fluid; 

heating a second portion of the formation to a temperature sufficient to allo^ 
synthesis gas generation; 

introducing at least a portipn-Qf the aqueous fluid to the second section aftei/the 
section reaches the temperature sufficient to allow synthesis gas generation; and y 
producing synthesis gas from thelformation. 



□ 
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4641 . The method/6 f claim 4640, wherein the temperature sufficient^) allow synthesis 
10 gas generation ranges from approximately 400 j^Ko approximately 1200 °C. 

4642. The method of claim 4640, further comprising separating ammonia within the 
aqueous phase from the aqueous phase prior to introdyaion of at least the portion of the 
aqueous fluid to the second section. 

15 

4643. The method of claim 4640, wherein^ permeability of the second portion of the 
formation is substantially uniform and greater than about 100 millidarcy when the 
temperature sufficient to allow synthj^is gas generation is achieved. 

20 4644. The method of claim 4640, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 
section to inhibit temperature decrease in the second section due to synthesis gas 
generation. 



25 4645. The metjibd of claim 4640, wherein heating the second portion of the formation 
comprises convecting an oxidizing fluid into a portion of the second portion that is above 
a temperature sufficient to support oxidation of carbon withinjha^ortieirT^^ 
oxidizing/fluid, and reacting the oxidizingjluid^itlicarbon in the portion to generate 
heat witnin the portion. 
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-464fL_JQie--methD£^ portion of the formation 

comprises diffusing an oxidizing fluid to reaction zones adjacenTto^veU^ores within the 
formation, oxidizing carbon within the reaction zones to generate heat, and tr&jsferring 
the heat to the second portion. 

4647. The method of claim 4640, wherein heating the second portion of thpr formation 
comprises heating the second section by transfer of heat from one or mgtQ electrical 
heaters. 

4648. The method^of claim.4640, wherein heating ifie second portion of the formation 



comprises heating the secon< 



section with a flaptfeless^eustributor combustor. 



to at least theyrfortion of the formation. 



4649. The mefthod of claim|4640, wherein h^atfing the second portion of the formation 
comprises injecting steam ii; 

4650. The metK^d of clsfim 4640/<vherein at least a portion of the aqueous fluid 
comprises a liquid phase. 

465 1 . The method of claim 4640, wherein the aqueous fluid comprises a vapor phase. 

4652. The methoja of claim 4640, further comprising adding carbon dioxide to at least 
the portion of aqueous fluid to inhibit production of carbon dioxide from carbon within 
the formatior 



25 4653. TTie method of claim 4652, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 



30 



4654. 1 The method of claim 4640, further, comprising adding hydrocarbons witlrcaj; 
numberless than 5 to at least the portion ofjhejiqiieotts-^h^ a H2 

concentrationwithin the produced synthesis gas. 
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■ 4.655i -The-mefHod of claim 4640, further comprising addinghyHroC^rboos with carbon 
numbers less than 5 to at least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas, wherein the hydrocarbons are obtained 
from the produced fluid. 



4656. The me>Kbd of claim 4640, further comprising adding hydrocarbons^greater than 4 
to at least tbd portion of tjljie aqueous fluid to increase energy content c^fhe produced 
synthesis gas. 

4657. T le method of cVaim 4640, further comprising acktfng hydrocarbons greater than 4 
to at leastlthe portion of the aqueous fluid to increase^nergy content of the produced 
synthesis gas, whereiii the hydrocarbons are obtajffed from the produced fluid. 

4658. The method of claim 4640, furthepxomprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4659. The method of claina 4640, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4660. The method of claim 4640, further comprising generating electricity from the 
synthesis gas u^ing a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing /portion of the separated carbon dioxide within a spent portion of the 
formation^ 

4661: The method of claim 4640, further comprising using a portion of the synthesis gas 
'a combustion fuel for the one or more heat sources. 



4662. The method of claim 4640 ! furtka^GempF^^ converting at least a portion of the 
produced synthesis-gasnS^oi^ensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 
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)3. The method of claim 4640, further comprising converting at leasts portion of the 
produced synthesis gas to methanol. 

4664. The method of claim 4640, further comprising converting at l^fst a portion of the 
produced synthesis gas to gasoline. 



10 
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4665. The methocKSf claim s 4640, further comprising converting at least a portion of the 
synthesis gas to/methane using ^catalytic mejh^atiotutfrocess. 

4666. The /nethod of c^im 4640, fiinher composing providing heat from three or more 
heat sourcefe to at least a( pdrtietfof the forrrjmion, wherein three or more of the heat 
sources arellocated in me formation in a/lnit of heat sources, and wherein the unit of heat 
sources comprises a mangular patter 

4667. The method of claim 4640, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the'formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the/formation to form a repetitive pattern of units. 

4668. A method for in situ production of synthesis gas from a carbon containing 
formation, comprising: 

heating a portion of the formation with one or more heat sources to create 
increas/d and substantially uniform permeability within a portion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; 

providing a synthesis gas generati ng fluid into t he port io n through ari east one 
injection wfcllbuie lu"g^nerate^ynthesis gas from hydrocarbons and the synthesis gas 
generating fluid; and 
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syntfiesis gas from at least one heat source wellbore in 



positioned proximate to a heat source of the one or more heat sources. 

4669. The method of claim 4668, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400° C to about 1200 °C. 



4670. Themeth 
comprises heaping 
hydrocarbon/ within 
less than ab 
fluid from the formation 



laim 46<>8, wherein creating a/substantially uniform permeability 
rtion to ^ temperature witfnn a range sufficient to pyrolyze 

ftion, raising the tejrfperature within the portion at a rate of 
ay duringbyr^ly^ation and renewing a portion of pyrolyzed 



4671 . The iWthod of iclaim 4668, further comprising removing fluid from the formation 
through at least the'wie injection wellbore prior to heating the selected section to the 
temperature sufficient to allow synthesis gas generation. 

4672. The method of claim/f668, wherein the injection wellbore comprises a wellbore 
of a heat source in which/is positioned a heat source of the one or more heat sources. 

4673. The methojf of claim 4668, further comprising heating the selected portion during 
providing the synthesis gas generating fluid to inhibit temperature decrease in at least the 
portion of tlje selected section due to synthesis gas generation. 

4674. /The method of claim 4668, further comprising providing a portion of the heat 
needed to raise the temperature sufficient to allow synthesis gas generation by convecting 
anyoxidizing fluid to hydrocarbons within the selected section to oxidize a portion of the 

^drocarbons and generate heat. 



J675. The method of claim 4668, ftylhep^OTTTpnsmg controlling the heating of the 
seized sectioa-and^pfovlsion of the synthesis gas generating fluid to maintain a 
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synthesis gas. 



4676. The method of claim 4668, further comprising: 

monitoring a composition of the produced synthesis gas; and 
controlling heating of the selected section apcl provision of the synthesis gas 
generating fluid to maintain the composition of tj4 produced synthesis g^s within a 
desired range. 



4677. The method 
liquid water. 



of claim 




n the synthesis gas generating fluid comprises 



4678. The method orclaim L 668, wherein tlje synthesis gas generating fluid comprises 
steam. 



4679. The method of claim 4668/wherein the synthesis gas generating fluid comprises 
steam to heat the selected section and to generate synthesis gas. 

4680. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
water and carbon dkfxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the/selected section. 

468 1 . The^method of claim 4680, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4682. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 

)rmation to generate carbon monoxide. 



4683 < The me thod of claim 4j 
carbon dioxide removed from the formation. 



le carbon dioxide comprises 



941 



Conley. Rose & Tayon. P.C. 



Teffiocfof claim 4668, wherein providing the synthesis gas generating fluid 
to the selected section comprises raising a water table of the formation to a#ow water to 
enter the selected section. 



a 
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15 
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4685. The method of claim 4668, wherein the synthesis gas gerferating fluid comprises 
water and hydro^rbons having carbon numbers less than 5/and wherein at least a 
portion of the \ 
Wi concentrati 



drocarbons undergo a reaoion within the selected section to increase a 



)n within tl&Gt produce^^ynthesis gas. 



4686. The mqthod of claim 4668, wherein th©4ynthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hych^capons react withiyxhe selected section to increase an energy 
content of the produced synthesis gas/ 

4687. The method of claim 46p8, further comprising maintaining a pressure within the 
formation during synthesis g/s generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4688. The method of claim 4668, further comprising generating electricity from the 
synthesis gas using/a fuel cell. 



25 



4689. The method of claim 4668, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storirafg a portion of the separated carbon dioxide within a spent portion of the 
formation. 



46y0. The method of claim 4668, further < 
as a combustion fuel foi^hearffigthe formation. 



lg using a portion of the synthesis gas 



30 
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method of claim 4668, further comprising converting aNeast a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. / 

4692. The method of claim 4668, further comprising converti/fg at least a portion of the 
produced syntjiesis gas us^ methanol. / 

smg converting at least a portion of the 

4694. The rciethod of clafrn 4668, further'comprising converting at least a portion of the 
synthesis gas to\iethape using a catalytic methanation process. 

4695. The method of claim 4668, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 

4696. The method'of claim 4668, wherein a temperature of at least the one heat source 
wellbore is mainlined at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 

4697. The method of claim 4668, wherein a temperature of at least the one heat source 
wellbo/re is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas Jiaving a ratio of H2 to carbon monoxide of approximately 2. 

4698. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises an electrical heater. 

4699. The method of cknj]iil£6^ source of the one or more heat sources 
■Gompri$es-a~fiafiIral distributor heater. 



4693. The 
produced s 



y tithes 
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4700. The method of claim 4668, wherein a heat sourceTrfthejpne or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein^fkiids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. 



4701. The method of claim 4668, further comprising providing heat from thr^e or more 
heat sources to #fleast a pbrtion of the formation, wherein three or more ofthe heat 



sources are 




)rmation in a unit of heat sources, and wherein the unit of heat 




sources cor ^(prises a tr^igular pattern. 

4702. The method of dlaim 4668, further comprising jafoviding heat from three or more 
heat sources to at least a portion of the formation^A^nerein three or more of the heat 
sources are located in/the formation in a unit or heat sources, wherein the unit of heat 
sources compnses-a xiangular pattern, an^wherein a plurality of the units are repeated 
over an area of the formation to form>a repetitive pattern of units. 



4703. A method of treating a/nydrocarbon containing formation in situ, comprising: 

providing heat frorja'one or more heat sources to at least a portion of the 
formation; 

allowing theJfeat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion pi the carbon containing material within the selected section of the 
formation; 

producing pyrolysis products from the formation; 
mating a first portion of a formation with one or more heat sources to a 
temperature sufficient to allow generation of synthesis gas; 

providing a first synthesis gas generating fluid to the first portion to generate a 
first Synthesis gas; 

removing a portion of the first synthesis gas from the formation; 
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hpa|jng ? *g^nnH portion of n formntion w* th n nf p ^rM-w^t sources to a 
temperature sufficient to allow generation of synthesis gas having a H; TtoT^S^tio 
greater than a H2 to CO ratio of the first synthesis gas; J 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; / 

removmg^piyrtion of the second synthesis gas from the formation; and 

blencaing a portioirof the first synthesis gas'with a portiojyof the second synthesis 
gas to produce a blectded synthesis gas having^ selected VMoCO ratio. 

4704. The method of claim 4703 > ymerein the on£or more heat sources comprise at 
least two heat sources, a^d-wh^rein superposition of heat from at least the two heat 
sources pvrolyzes ayleast some hydrocarjaons within the selected section of the 
formation. \^_^/ / 

4705. The method of claim 4703<wherein the first synthesis gas generating fluid and 
second synthesis gas generaturg fluid are the same component. 

4706. The method of ^aim 4703, further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 

4707. The method of claim 4703, further comprising controlling the temperature in the 
second portion to control a composition of the second synthesis gas. 

4708. /The method of claim 4703, wherein the selected ratio is controlled to be 
approximately 2:1 H2to CO. 

4tf09. The method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H 2 to CO. 

4710^The anethod of claim 4703. wher^i" the re jected rntifr4rrnrnronH to be 
approximately 3:1 H2 to CO. 
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47 1 1 . The method of claim 4703, wherein the selected 
approximately 2.8:1 to approximately 3.2:1 H2 to CO. 



ltrolled to range from 



4712. The method of claim-4203, further comprising providing at least a portion of the 
produced blended sytffhesis gas to a condensable hydrocarbon synthesis process to 
produce condensate hydrocarbons. 



4713. The met 
process compris 



od of claiml4712, wherein the c^Hdensable hydrocarbon sy*fnesis 
es a Fischer4Tropsch process > 



47 1 4. The method of claim 
condensable hydrocarbons to 



47 Informer comprising cracking^at least a portion of the 
form middle distillates. 



4715. The method orc|aiij^4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a catalytic pfethanation process to produce methane. 

4716. The method of claim 4703, fiirjjfer comprising providing at least a portion of the 
produced blended synthesis gas to^methanol-synthesis process to produce methanol. 

4717. The method of clain/4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 

4718. The methou of claim 4703, wherein removing a portion of the second synthesis 
gas comprises/withdrawing second synthesis gas through a production well, wherein a 
temperatur^of the production well adjacent to a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H 2 to CO ratio greater the first synthesis gas. 



4710. The method of claim 4703, wherein the first synthesis gas producing fluid 
comprises CO2 and wherein the temperature of the first portion is at a temperature that 
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^rH fC G ult in -eo nverskm of CO 2 and carbo n fioiii Lhe fir 
rich first synthesis gas. 



CO to generate a CO 



4720. The method of claim 4703, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherei^t 
least a portion of the hydrocarbons react within the formation to increase a 



concentration within the pro* 



^second synthesis gas 



10 



15 



m 
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472 1 . The method of claim 4703, wherein blending a portkm of the first synthesis gas 
with a portion of the seconft synthesis gas^comprises nptxlucing an intermediate mixture 
having a H2 to CO mixture of less thap^theselected^ratio, and subjecting the intermediate 
mixture to a shift r^actioa to rethlce an amount^of CO and increase an amount of H2 to 
produce the selected ratio of H2 to CO. 

4722. The method of claim 4703, farther comprising removing an excess of first 
synthesis gas from the first portion to have an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce^an amount of CO and increase an amount of H2 before 
blending the first synthesis £as with the second synthesis gas. 

4723. The method ofclaim 4703, further comprising removing the first synthesis gas 
from the formation under pressure, and passing removed first synthesis gas through a 
turbine to generate electricity. 



4724. The method of claim 4703, further comprising removing the second synthesis gas 
25 from the formation under pressure, and passing removed second synthesis gas through a 
turbine/o generate electricity. 



472$. The method of claim 4703, further comprising generating electricity from the 
blendeaSynthcsis gas using a-faehretT " 
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__A736t- The metho d of clai m 4703, furthe r- comprising gc aeraliiig^electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exIHn|r*{ie 
fuel cell, and storing a portion of the separated carbon dioxide within a spent portiptfof 
the formation. 

4727. The methoji^rfTiaiiii 4703, further comprising using at tedst a portion of the 
blended synthesis gas as a combustion fuel for heating the fennation. 
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4728. Th^ method of c^im 4703, 
the one or [more heat soiii^es to the> 



permeability of the sel 



rer comprising allowing the heat to transfer from 
Elected sepfcon to substantially uniformly increase a 




ted section. 



4729. The methQcTpt claim 4703, farther comprising controlling heat transfer from the 
one or more heat sources to prodyce a permeability within the selected section of greater 
than about 100 millidarcy. 

4730. The method of claim 4703, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

473 1. The method of claim 4703, wherein the temperature sufficient to allow synthesis 
gas generation/is within a range from approximately 400 °C to approximately 1200 °C. 



4732. Ther method of claim 4703, wherein heating the first a portion of the selected 
25 section to a temperature sufficient to allow synthesis gas generation comprises: 

leating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones^o temperatures sufficient to support reaction of carbon-containing material within 

the zones wuH^n^ttdiiiagJluid; : - 

30 introducing the oxidizing fluid to the zones substantially by diffusion; 
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allQiadftrtHeoxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



W 
SI 
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4733. The method of claim 4703, wherein heating the seconcLportion of the selected 
section to a temppfatuffe, sufficient to allow synthesis gas gerferation comprises: 

heating/£ones adjacent to wellbores of one or more heat sources with heaters 



disposed in tbfe wellbon 
zones to temperatures 
1.0 the zones with an oxidi: 
introducing the 
alio 
containing ma 



herein the heaters are carmgured to raise temperatures of the 
to suj2fiort^ reaction of carbon-containing material within 
dng fluid; 

oxidizing fluid to tKe zones substantially by diffusion; 
idizing fluid to /eact with at least a portion of the carbon- 
ithin the zones to produce heat in the zones; and 



transferring heat from the zones*™ the selected section. 

4734. The method of ctefim 4703, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially by convection into the first portion 
of the selected section, wherein the first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the first portion of the selected section to 
gen€rate heat and raise the temperature of the first portion. 



30 



4735. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by con vection in to the second 

-lPf-tinn pf thp_^Wf>prHffgrtinn j whprpin thp gprnnH pnrtirm nf thp gpWtpH section is at a 

temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 
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ceaetirrgTHe^xidizing fluid within the second portion of the selected^ection to 
generate heat and raise the temperature of the second portion. 
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4736. T he m ethod of claim 4703, wherein the one or moreji^m sources comprise one or 
more electrical heaters disposed in the formation. 



473^ 
or more 




The method of claim 4703, wherein tjie one or more heat sources comprises one 
natural distributor combustors. 



10 4738. \he^m^lhod of claim 470^/wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



15 4739. The method^of claim 4703, wherein heating the first portion of the selected 

section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 

20 4740. TMe method of claim 4703, wherein heating the second portion of the selected 
section 10 a temperature sufficient to allow synthesis gas generation and providing a 
second synthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion. 



25 47^1. The method of claim 4703, further comprising controlling the heating of the first 
tion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



4742. The method of claim 4703, further comprising controlling the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
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Maintain a temperature within ihe se cond purti o u o f the seated sect i on abovE 
the temperature sufficient to generate synthesis gas. 



4743. The nfethod of claim 4703, wherein the first synthesis gas generating flyifl 
5 comprise/liquid water. 

4744. The methockof claim 4703, wherein the second synthesis gas^enerating fluid 



compns 



;s liquid watar. 



+■ 

is 



10 4745. The method of plaim^TOXwherein the first syijtffesis gas generating fluid 
comprises steam. 

4746. The method of claim 4703, whereirytfie second synthesis gas generating fluid 
comprises steam. 



vi 15 
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4747. The method of claim 4705, wherein the first synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the sheeted section. 

20 4748. The method jof claim 4747, wherein a portion of the carbon dioxide within the 
first synthesis ga^/generating fluid comprises carbon dioxide removed from the 
formation. 



4749. Thernethod of claim 4703, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon/aioxide from the selected section. 



475/). The method of claim 4749 a- whererTTa portion of the carbon dioxide within the 
se6ond synthesis jj^s-gefierating fluid comprises carbon dioxide removed from the 
firmatic 
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475 1 . The rr^Lbed-of^laim 4703, wherein the firstsynfftests^gas generating fluid 
"comprises carbon dioxide, and wherein a portion of the carbon dioxicte^eacts with carbon 
in the formation to generate carbon monoxide. 
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4752. The method of claim 475 1 , wherein a portion of the carbon dioxide within the 
first synthe^fs gas gen^ating fluid comprises carbon dioxide removpa from the 
formation/ 



4753. Tme method oflclaim 
comprises\carbon diox 
in the formation to 



4703, wherein the second svnthesis gas generating fluid 
de, and wherein a portion of^ke carbon dioxide reacts with carbon 
carbon monoxide. 



gererate 



4754. The memQd^ff claim 4753, wherem a portion of the carbon dioxide within the 
second synthesis gas generating fluid /omprises carbon dioxide removed from the 
formation. 

4755. The method of clain/4703, wherein providing the first synthesis gas generating 
fluid to the first portion m the selected section comprises raising a water table of the 
formation to allow wetter to flow into the first portion of the selected section. 

4756. The metKod of claim 4703, wherein providing the second synthesis gas generating 
fluid to the sg£ond portion of the selected section comprises raising a water table of the 
formation /o allow water to flow into the second portion of the selected section. 



25 4757. /The method of claim 4703, wherein the first synthesis gas generating fluid 

comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the Jii^t^iOftitJnof 
th^ selected section to increase a H2 concentration wit]]dii-the^^ first synthesis gas. 

30 4758. nre-ffiethed-Tjf^Iaim 4703, wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydroc arbons are subjected to a reaction within the second portion 
of th£ - sdeetext - section to increase a H2 concentration withiirtRe"pfQ4uced second 
synthesis gas. 

4759. The method of claim 4703, wherein the first synthesis gas generating {fluid 
comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of thp hydrocarbons react within the first portion of the selected section to 



increase an energy contentpf the produced first synthesis gas 



4760. The methc d of claim 
comprises water a 
least a portion of ttt 
section to increase art 




wherein the second synthesisifas generating fluid 
flf carbon numbers greater than 4, and wherein at 
|-bons react within at least tWsecond portion of the selected 
content of the second produced synthesis gas. 



4761 . The method of claim 4703, further comprising maintaining a pressure within the 
formation during synthesis gas generation, ^nd passing produced blended synthesis gas 
through a turbine to generate electricityy 

4762. The method of claim 4703( further comprising generating electricity from the 
blended synthesis gas using aiuel cell. 

4763. The method of claim 4703, further comprising generating electricity from the 
blended synthesis ga/ using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storjng a portion of the separated carbon dioxide within a spent section of 
the formation. 



4764. The method of claim 4703, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 



4765. The method of claim 4703, further comprising using-a^poTttorToFt^ first 
synthesis gas as a combustion fuel for-the - ^ne or more heat sources. 
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s gas as a combustion fuel for the one or more heat sources. 



4767. The method of claim 4703, further comprising using a portion of the bjended 
synthesis gas as a combustion fuel for the one or more heat sources. 



a hydrocarbon containing formation in^itu, comprising: 
/at sources to at least abortion of the 




4768. A method oftre 

providing heat 
formation; 

allowing the hfeat to lirartefefTrom the one or mor^heat sources to a selected 
section of the formation suph that the heat from the orfe or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 
producing pyrolysis products from thp'lormation; 

heating at least a portion of the s^cted section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a selected'fe to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate syntHesis gas; and 

producing abortion of the synthesis gas from the formation. 



4769. The method of claim 4768, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



4770 A The method of claim 4768, wherein the selected ratio is controlled to be 
approximately 2:1 HffoTO. 
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477LThejn£lho4^ 4768, wherein the selected ratio is controlled'tovrange from 
approximately 1.8:1 to approximately 2.2:1 H2to CO. \ 



4772. The method of claim 4768, wherein the selected ratio is controlled to^be 
approximately 3:1 Fh to CO. / 



The method of claim 4768, wherein the selected ratio is cemtrolled to range from 
approximately 2.8:1 to approximately 3.2: 1 H2 to CO. / 

4774. The method offcl^irrHT^mrther comprising/providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hyd\pcarpons. / 

^115. The method of claim 4774, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsgii process. 

4776. The method of claim 4775, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4777. The method of claim 4768, further comprising providing at least a portion of the 
produced syntnesis gas to a catalytic methanation process to produce methane. 

4778. /The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

,4779. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

47$Q ; The methfd^fclaim 4768, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 
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478 1 . The method of claim 4768. further comprising con trolling heat transfer from the 
one or more heat sources to produce a permeability within the selectedlectrofkQf greater 
than about 100 millidarcy. 



4782. The method Lofelaim 4768, further comprising heating at least thp^ortion of the 
selected section When providing the synthesis gas generating fluic^tdinhibit temperature 
decrease within /he selected section during synthesis/gas gej^ration. 



4783. The 
gas generation ii; 



method of clalim^68 ? whereinjhe temperature sufficient to allow synthesis 
range from approximately 400 °C to approximately 1200 °C. 



4784. The method of claim 4768ywherein heating at least the portion of the selected 
section to a temperature^uffic^nt to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with air oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



785. The method of claim 4768, wherein heating at least the portion of the selected 
'section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidizat ion reaction th( * nviHiTin^ 

reacting the oxidizing fluid within the portion of the selected section togfcnerate 
heat and raise the temperature of the portion. 
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4786. The method of claim 4768, wherein the one or more heat sources compi 
more electrical heaters disposed in the formation. 



one or 



4787. The method of claim 4768, wherein the one or more heat sources comprises o/ie 
or more natural distributor combustors. 



4788. The method of jblaim 4768, v)herein the one or more heat sources cxxnprise one or 
more heater wells, wherein at least on^heater well comprises a condtrft disposed within 
the formation, and furiher comprising/heating the conduit bj^flpwing a hot fluid through 
the conduit. 



4789. The method of clata^47£#, wherein heajMg at least the portion of the selected 
section to a temperature sufficient to allow^ynthesis gas generation and providing a 
synthesis gas generating fluid to at leastthe portion of the selected section comprises 
introducing steam into the portior 

4790. The method of claim 4768, further comprising controlling the heating of at least 
the portion of selected/section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4791 . Tne method of claim 4768, wherein the synthesis gas generating fluid comprises 
liquid/water. 

4792. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
sjfeam. 



4793>^^iej2iethedTjf^Iarm 4768, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 
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4794. The method of claim 4793, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide fefTToved^xu^ithe formation. 



4795. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carben-i^onoxide. 



4796. The method of claim 4j795, wherein a portion of the carbon dioxide withjjnjie 
synthesis gas generating fluid jco^nprises carbc^dioxide removed from th^fwmation. 

4797. The method of claim/4768, wherein providing the sypthesis gas generating fluid 
to at least the portion of the/selected section comprises^£ising a water table of the 
formation to allow waterto flow into the at leaspKe portion of the selected section. 



4798. The method of claim 4768, wji^rein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbon^re subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4799. The mpfnod of claim 4768, wherein the synthesis gas generating fluid comprises 
water ancLHydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion'of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4800. The method of claim 4768, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 



The method of claim 476S fntthnr nnmpri^ing gnnornting elppfririty from th e* 

synthesis gas using a fuel cell. 
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4802. The method oXd2Kn^476*rfuUliei' compiling geneFating - electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exitinglke^uel celL 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4803. The method of claim 4768, further comprising using a portion of the synthesis g^s 
as a combustion fuel for throne or more heat sources. 



□ 



10 4804. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat fro[m one o|r \ore heat sources to at least a portic^fof the 
formation; 

allowing the heat t\ transfer from the^rte-orffiore heaj^ources to a selected 

the heat from the one oKmore heat sources pyrolyzes at 
15 least some of the hydrocarbonsWithin the selected s^tion of the formation; 
producing pyrolysis products from the fomiation; 

heating at least a portion of the selep-ted section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature iiy6r proximate to a synthesis gas production well to 
20 generate synthesis gas having ^selected H 2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation. 



25 4805. The rafethod of claim 4804, wherein the one or more heat sources comprise at 
least two beat sources, and wherein superposition of heat from at least the two heat 
sources'pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



480&. The method of claim 4804, wher^ 
approximaletytrTT^ 



ratio is controlled to be 
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4807>- : Hi e-method of claim 4804, wherein th e selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H2to CO. 

4808. The method of claim 4804, wherein the selected ratio is controlled to be 
approximately 3:1 H2 to Cpr- 

4809. The method pf claim 4804, wherein the selected r^io is controlled to rangp'from 
approximately 2.8^1 to approximately 3.1:1 H2to CO. 

4810. The method of claim 4804, fliitlierfeomprising providing affeast a portion of the 



produced synthes 



s gas to a condensable hydrocarbon synthes process to produce 



condensable hydrocarbons./ 

4811. The method of claim 48 1 0, wherein thexondensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

48 1 2. The method of claim 48 1 further comprising cracking at least a portion of the 
condensable hydrocarbons to/form middle distillates. 

48 1 3. The method acclaim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4814. The/method of claim 4804, further comprising providing at least a portion of the 
produce^ synthesis gas to a methanol-synthesis process to produce methanol. 



48 p. The method of claim 4804, further comprising providingaLieast-a-pe^ the 
p/oduced synthesis gas to a gasoline^syiithesrs^focess to produce gasoline. 
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The method of claim 4804, further comprising allowing the heatTcr&aosfer from 
the one or more heat sources to the selected section to substantially uniformly increaS 
permeability of the selected section. 



ffS 



10 



15 



20 



48 1 7. The method of claim 4804 
one or more heat sources to proi 
than about 100 millidarcy. 



48 18. The method of clairri 
selected section when providing 
decrease within the selected 




r comprising controlling heat transfer from the/ 
ability within the selected section of grater 



4804, further comprising heating apkast the portion of the 
the synthesis gas generati^nuid to inhibit temperature 
section during synthesis gtfs generation. 



25 



48 19. The method of claim 4804, whereinjtfe temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4820. The method of claim 4#04, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wejloores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones wtfh an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the carbon- 
confaining material within the zones to produce heat in the zones; and 
ransferring heat from the zones to the selected section. 



4821 . The method of claim 4804, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introdi 



iizing fluid into the formation through a wellbore; 
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^Jranspi^^ fluid substantially by convection into tRS^pqrtion of the 

selected section, wherein the portion of the selected section is at a temperature/sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected s^zfion to generate 
heat and raise the tenagerature of the portion. 




4822. The/friethod of cl^im 48^4, wherein the one or mope heat sources comprise one or 
more electrical heaters di&posed in the formation. 



4823. The method of claim 4§04, whetek 
or more natural distributor combustors. 



/ 6ne or more heat sources comprises one 



4824. The method of claim 4804, Wherein the one or more heat sources comprise one or 
more heater wells, wherein at le^st one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4825. The method/of claim 4804, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas>generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 



4826/ The method of claim 4804, further comprising controlling the heating of at least 
the/portion of selected section and provision of the synthesis gas generating fluid to 
/aintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



-The- 




claim 4804, wherein the synthesis gas generating fluid comprises 



liquid water. 
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4804. wherein the synthesis gas generating fluid comprises 



steam. 



4829. The method of claim 4804, wherein the synthesis gas generating fluid compri/es 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbc 
dioxide from the selected section. 



10 



W 15 
M 



4830. The methpdof claim 4829, wherein a portion of the carbon^dioxide within the 
synthesis gas jgeneratinfc fluid comprises carbon dioxide removed from the formation. 



4831. The 
carbon dioxide, 
formation 



'method of ifaim 4804, wherein the synthesis gas generating fluid comprises 
and whereki-a-e<5rtion of the c^afcon dioxide reacts with carbon in the 
generate/carbon monoxide. 



4832. The mstljpu of claim 4831, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



p 

^ 20 



4833. The method f claim 4804, wherein providing the synthesis gas generating fluid 
to at least the jaortion of the selected section comprises raising a water table of the 
formation^) allow water to flow into the at least the portion of the selected section. 



404. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
/ater and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 



-30l 



4835. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4. and wherein at least a 
portion of the hydrocarbonsjEactAvito the po r iiun uf t h e -seteeted-seciion to 

-mcreSsean energy content of the produced synthesis gas. 
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4836. Th e method of claim 48u4, hjnhenrarrprisifl^^ a pressure within the 

formation during synthesis gas generation, and passing produced syntKSsrs-g^through a 
turbine to generate electricity. 



4837. The method of claim 4804, further comprising generating electricity from^Hle 
synthesis gas using a fuel cell. 



B 
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4838. The method of clai 
synthesis gas usin 
and storing a portion orjthe 
formation 



4804, further comprising generating ^ctricity from the 
:11, separating carbon dioxide from^ fluid exiting the fuel cell, 
separated carbon dioxide within a spent section of the 



4839. Thi method of c 
as a combustion fuel 



aim 4804, further corrfprising using a portion of the synthesis gas 
the one or more h^at sources. 



4840. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one px more heat sources to at least a portion of the 
formation; 

allowing the heat tc/transfer from the one or more heat sources to a selected 
section of the formation/such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing nfyrolysis products from the formation; 

heating /t least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H2 to CO ratio different than a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
se^ion to generate synthesis gas; and 

producing synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
^herein an amount of carbon monoxide is converted to carbon dioxide; 
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lijia gas having a selected 



4841 . The method of claim 4840, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heaty 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



m 



4842. The method of claim 4840, whefein the selected ratio is ^cont^rfled to be 
10 approximately 2: 1 H2 to/CO. 

4843. The method of cl^im 4840, whe/ein the selected ratio is controlled to range from 
approximately 1.8:1 to 2.2s; 1 H2to CO/ 



a 

Q 

ru 



H= 20 



4844. The method of claim 4840, whprein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. 

4845. The method of clakn 4840, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 2:2:1 H2to CO. 

4846. The method of claim 4840, further comprising providing at least a portion of the 
produced synmesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. 



25 The method of claim 4846, wherein the condensable hydrocarbon synthesis 

process comprises a Fischer-Tropsch process. 



1848. The method of claim 4847, further comprising cracking at least a portion of the 
cohdensableJiydfecarbonsTo^form middle distillates. 



30 
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4J49^J[]^ 4840, further comprising proVRferg-aU^as^portion of the 

produced synthesis gas to a catalytic methanation process to produce methane. 



4850. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

485 1 . The method of claim 4840, further comprising providing at least a portion of jhe 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 



4852. The ^method of claim 4840, further comprising allowing the heat transfer from 
the one or/more heat sources to the selected secjKm to substantially ymformly increase a 
permeability of the selected section. 



4853. 
one or 



he method of 
tore heat sourc 



than about 100 millidar:y 





further comprising controlling heat transfer from the 
pfo3uce a permeability within the selected section of greater 



4854. The methQcTpf claim 4840, further/comprising heating at least the portion of the 
selected section when providing the swuhesis gas generating fluid to inhibit temperature 
decrease within the selected section^auring synthesis gas generation. 



4855. The method of claim /840, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



4856. The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in theyvvellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containingjnateRai^vrthin 
the zones witn an oxidizing fluid; 

introoucing the oxidizing fluid tojhe-zffnes substantially by diffusion; 
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allowing theoxidiziiigJlui d - to react with at leas ^-poilionof the carbon- 



containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



4857. The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
ransporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherem the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting mbsOxidizing fluid withh>ttfe portion of the selected' section to generate 
heat and raise the temp^rature-ef-tft^ortion. 



4858. f^he methdd of claim 4840, wherein the one op^fnore heat sources comprise one or 
more electrkal heaters disposed in the formation,, 

4859. The method of claim 4840, wherem the one or more heat sources comprises one 
or more natural distributor combusted 

4860. The method of claim 4840, wherein the one or more heat sources comprise one or 
more heater wells, wherdft at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4861 . Theinethod of claim 4840, wherein heating at least the portion of the selected 
section tc/a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 



4862^ The methodjof^teinr?S40, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
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maintain ,, 



Ture"wrthin at least the portion of the selected sectionaB5ve-ttie 



temperature sufficient to generate synthesis gas. 

4863. The method of claim 4840, wherein the synthesis gas generating fluid compri/es 
liquid water. 

4864. The method of claim 4840, wherein the synthesis gas generating flujefcomprises 
steam. 



Ui 



m 
□ 



15 
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4865. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and carborAfioxide, wherein the carbon dioxide inhibits jfroduction of carbon 
dioxide from/the selected section. 



4866. The 
synthesis 



method o 
generatin 



claim"^T#65, wherein a portioryof the carbon dioxide within the 
g fluid comprises carbon dioxide removed from the formation. 



4867. The method'of claim 4840, wherein>the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of/the carbon dioxide reacts with carbon in the 
formation to generate carbon monox^e. 

4868. The method of claim 4867, wherein a portion of the carbon dioxide within the 
synthesis gas generating flirid comprises carbon dioxide removed from the formation. 



4869. The method ofclaim 4840, wherein providing the synthesis gas generating fluid 
25 to at least the portion of the selected section comprises raising a water table of the 

formation to alLow water to flow into the at least the portion of the selected section. 

4870. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 

30 portiom of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to inei^ase-a^rconcentration within the produced synthesis gas. 
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4871. The method of claim 4840, wherein the synthesis gas genefatiqe fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein^ least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4872. The memod of claim 4840, further cop*j5rising maintaining a pres^re within the 
formation during synthesis gas gener^tkfn, and passing produced syptfiesis gas through a 
turbine to generate electrieit-yr 

4873. The methoca of claim 4840, further comprisingygenerating electricity from the 
synthesis g^s us>ng a fuel cell. 

4874. The method of claim 4840, further comprising generating electricity from the 
synthesis gas using a fuel cell, sepapming carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 



formation. 



4875. The methocLof claim 4840, further comprising using a portion of the synthesis gas 
as a combustioiyfuel for the one or more heat sources. 

4876. A method of forming a spent portion of formation within a hydrocarbon 
containing formation, comprising: 

leating a first portion of the formation to pyrolyze hydrocarbons within the first 
portiqh and to establish a substantially uniform permeability within the first portion; and 
cooling the first portion. 



4877. XThe method of clmmJ£36rKfiere^ the first portion comprises 

transferring^*^ to the first portion from one or more electrical heaters. 
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487jT~"The- m e thod of claim 4876, wher e in hoa tuigjthejjr^ comprises 
transferring heat to the first portion from one or more natural distrTBlit©ci:ombustors. 

4879. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion from one or more flameless distributor combustori 
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4880. The method ofpiamj 4876, wherein heating the first portion comprises 
transferring heat to tfie first portion from heat transfer fluid flowing within onp^r more 
wellbores within tme formation) 



20 



4881. The methc d of claim 48a0, wherein the heat transfer fkiid comprises steam. 

4882. The methodW clairp4880, wherein the heapfansfer fluid comprises combustion 
products from a burner. 

4883. The method of claim 4876, wj^rein heating the first portion comprises 
transferring heat to the first portion from at least two heater wells positioned within the 
formation, wherein the at leatff two heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein thei)ase heater unit is formed of a number of heater wells. 



4884. The nfethod of claim 4883, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 



25 
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4885: The method of claim 4883, further comprising removing fluid from the formation 
through one or more production wells. 



4886. The methud~of clairiT4SS57wherein the one or more production wells are located 
in a pattern, and wherein the one or more production wells are positioned substantially at 
centers of base heater units. 
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4887. The method of claim488i^^Fetrrlhe healer unit comprises three heater wells 
positionedjiibstantlany at apexes of an equilateral triangle. 

4888. The method of claim 4883, wherein the heater unit comprises four he^er wells 
positioned substantially at apexes of a rectangle. 



*F 15 
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4889. The 
positioned subs 



method of claihj\ty883, wherein the heater unit comprised/five heater wells 
antially at apexes of a regular pentagon. 



10 4890. The method of claim 
positioned substantially at 



4885L wherein the heater unj^i comprises six heater wells 
of a regular hexagc 



ap ;xes 



4891 . The method of claim/4876, further cojatfprising introducing water to the first 
portion to cool the formation. 

4892. The method of claim 4876yfurther comprising removing steam from the 
formation. 

4893. The method of claim 4892, further comprising using a portion of the removed 
steam to heat a second^portion of the formation. 



4894. The method of claim 4876, further comprising removing pyrolyzation products 
from the formation. 

25 4895. The method of claim 4876, further comprising generating synthesis gas within the 
portion/by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from the formation. 



4896\ The method of claim 4876, &rtherComprising heating a second section of the 
formatiofrte-pypoiy^^TyHrocarbons within the second portion, removing pyrolyzation 
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fluid from the second 
leTirst portion. 




7*ana~storing a portion of the removedpyrol^zation fluid 



10 



4897. The method of-claim 4^%.wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 



pyrolyzation fluid are not able to process the portion of the removed pycolyzation fluid. 



4898. The riethod of claim 
facilitate rem 




er comprising heating the first portion to 



val of the stored pyrolyzation fluid from the fifst portion. 



4899. The method of claim 4876, further comprising generating synthesis gas within a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas within the first portion. 
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15 4900. The method of claim 4899,/vherein the portion of the removed synthesis gas from 
the second portion are stored wkhin the first portion when surface facilities that process 
the removed synthesis gas ^e not able to process the portion of the removed synthesis 
gas. 

20 4901 . The metheKt of claim 4899, further comprising heating the first portion to 
facilitate removal of the stored synthesis gas from the first portion. 



25 



4902. Tne method of claim 4876, further comprising removing at least a portion of 
carbon containing material in the first portion and, further comprising using at least a 
ponfion of the carbon containing material removed from the formation in a metallurg 
application. 



30 



49C 

manufacturing. 



of claim 4902, wherein the metallurgical application comprises steel 
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4904^AiTT?ffiod of sequestering carbon dioxide within a hydrocarbon^ntaining 
formation, comprising: 

heating a portion of the formation to increase permeability and form a 
substantially uniform permeability within the portion; 
allowing the portion to cool; and 
'storing carton dioxide within the portion. 

4904, wherein the permeability of/ne portion is increased to 




method of claim 4904, further comprising raising a water level within the 
' inhibit migration of the carbon dioxide/from the portion. 



4907. The method of claim 4904, further/omprising heating the portion to release 
carbon dioxide, and removing carbon dioxide from the portion. 

4908. The method of claim 4904, further comprising pyrolyzing hydrocarbons within 
the portion during heating offne portion, and removing pyrolyzation product from the 
formation. 

4909. The method off* claim 4904, further comprising producing synthesis gas from the 
portion during the/neating of the portion, and removing synthesis gas from the formation. 



49 10. The rafethod of claim 4904, wherein heating the portion comprises: 

heating carbon containing material adjacent to one or more wellbores to a 
temperature sufficient to support oxidation of the carbon containing material withan. 
oxidizing fluid; 

introducing the oxidizing fluid toj^rbSn containing material adjacent to the one 
or more Vellbores to oxidi^e-thgliydrocarbons and produce heat; and 
conveying produced heat to the portion. 
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491 1. The method of claimjl£ll^^ adjacent 
to thejme-er-m5rewells comprises electrically heating the carbon containing material. 



4912. The method of claim 4910, wherein the temperature sufficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 

4913. The method of claim 4904, wherein heating the portion comprises circulating heat 
transfer fluid througlrone or more heating wells within the formation. 



u 
S3 



5» 

si 



p 

ru 



10 4914. The/method of claim ^913, wherein the he^fransfer fluid comprises combustion 
products from a burner. 

4915. The method of ql^im 4913, w£i£rein the heatjrmisfer fluid comprises steam. 

15 4916. Tbe method otf claim 4904 } further cetfnprising removing fluid from the formation 
during heaHng of the formation, and cojrfbusting a portion of the removed fluid to 
generate heat to heat the formation 

4917. The method of claim4904, further comprising using at least a portion of the 
20 carbon dioxide for hydrpairbon bed demethanation prior to storing the carbon dioxide 
within the portion. 



2S 



4918. The method of claim 4904, further comprising using a portion of the carbon 
dioxide for eidianced oil recovery prior to storing the carbon dioxide within the portion. 

4919. The method of claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 



30 



4920. Thes^ethod of claim 4904, wherein a t least a port io n of the r a rbon d ioxide 
comprises carbondioxide tormed as a combustion product. 
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492 1 . The method of claim .4904, further comprising allowing the portion to cool by 
introducing wateiioUhe-por^ as steam. 

4922. The method of claim 4921, further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. 

4923. The method ofrclaim 4904, wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to\carbon containing material within the formation. 



4924. The method of claim 4904C^Vt4i^ffi-st(5nng carbon dioxide comprises passing a 
first fluid streaAi comprising the cirbon dioxide and other fluid through the portion; 
adsorbing carbfon dioxide onto carbon containing material withiVfne formation; and 
removing a second fluid stream ftpm the formation, whereip^a concentration of the other 
fluid in the second fluid stream is greater than concentration of other fluid in the first 
stream due to tne absence of the adsorbed carbon dioxide in the second stream. 



4925. The method oTclaim 4904, wherejn an amount of carbon dioxide stored within 
the portion is equal to or greater than^n amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 

4926. The method of cteim 4904, further comprising providing heat from three or more 
heat sources to at lea^ta portion of the formation, wherein three or more of the heat 
sources are locatea in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4927. T/fie method of claim 4904, further comprising providing heat from three or more 
heat sodrces to at least a portion of the formation, wherein three or more of the heat 
sourqes are located in the formation in a unit oiJieat-soureHTwherein the unit of heat 
sources comprises a triangylap-paffern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4928. A method of in situ sequestration of carbon dioxide within a hydrocarbon 
containin 



in situ, compnsing: 
providing heat from one or more heat sources to at least a first portion"b^the 
formation; 

allowing the heat to transfer from one or more sources to a selected sectioii of the 
formation such that the heat from the one or more heat sources pyrolyzes at least some of 
the hydrocarbons wifKin the selebted section of the formation; 

producing'pyrolyzaljion fluids, wherein the pyrolyzation fluids ^dmprise carbon 
dioxide; and 

storing an amount jbficarbon dioxide in the forrnatiory^herein the amount of 



stored carbot 
pyrolyzation 




dioxide is 
fluids. 



than an amotmt of carbon dioxide within the 



4929. The method 07 claim 4928, wherein the one or more heat sources comprise at 
least two heat sources, and wherein^uperposition of heat from at least the two heat 
sources pyrolyzes at least som^nydrocarbons within the selected section of the 
formation. 



4930. The method of claim 4928, wherein the carbon dioxide is stored within a spent 
portion of theiormation. 

493 1 . /The method of claim 4928, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 



'4932. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 



of claim 4928, further comprising separating a portion of carbon 



dioxide from the pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
generating fluid for the generation of synthesis gas from a section of the formation that is 
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heated to a temperature sufficient to generate synthesis gas upon introduction of the 



-synthests-gas^enerating fluid. 



4934. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide to displace J 
hydrocarbon bed methane. 
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4935. The method of claim 4934, wherein the hydrocarbon bed i^a deep hydrocarbon 
bed located over 760 m below ground surface. 



The method o 



i 



laim 4934, furtl^comprisbfg adsorbing a portion of the carbon 



within the hydrocar 



4937. The method of claim 4928, further comprising using at least a portion of the 



15 pyrolyzatioir 



as' a feed streamTor a fuel cell. 



4938. The method of claim4937, wherein the fuel cell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
amount of carbon dioxide generated by the fuel cell within the formation. 

4939. The methefd of claim 4928, wherein a spent portion of the formation comprises 
carbon containing material within a section of the formation that has been heated and 
from which condensable hydrocarbons have been produced, and wherein the spent 
portion of me formation is at a temperature at which carbon dioxide adsorbs onto the 
carbon containing material. 



4940. / The method of claim 4928, further comprising raising a water level within the 
spent/ portion to inhibit migration of the carbon dioxide from the portion. 



4941 \ The method of claim 4928, wherein producing fluids fromjhs 
comprises removing pyrolyzation products frogaJbe^rmation. 
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49 42. The m etbod-efcfaim 4928. wherein producing tluigrfhmHheJbrmation 
comprises heating the selected section to a temperature sufficient to generate syrithesis 
gas; introducing a synthesis gas generating fluid into the selected section; and removing 
synthesis gas from the fa 
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4943. The method of claim 4942, wherein the temperature sufficient to genejme 
synthesis gas nanges from about 400 °C toVbout 1200 °C. 

4944. The ir ethod of claim 49^ 2v wherein heating the selecje^ection comprises 
introducing an oxidizing fluid ir to th^s^lected sectipi^fe^ung the oxidizing fluid within 
the selected section to heat the selected section. 




4945. The methochpf claim 4942, wherein heating the selected section comprises: 
heating carbon containing materim adjacent to one or more wellbores to a 

temperature sufficient to support oxidation of the carbon containing material with an 
oxidant; 

introducing the oxidant to carbon containing material adjacent to the one or more 
wellbores to oxidize the hydrocarbons and produce heat; and 
conveying proauced heat to the portion. 

4946. The method of claim 4928, wherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation of the spent portion. 

4947! The method of claim 4928, wherein the one or more heat sources comprise 
electrical heaters. 
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W48. The method of claim 4928 
flameless-distributcrrcombustors. 



e one or more heat sources comprise 
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4949. The method of claim 4948. wherein a portion of fue l for the one or more 
flameless distributor combustors is obtained from the formation. 

4950. The method of claim 4928, wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluid is circulated. 



iQ, wherein the heat transfer fluid comprises combustion 



4951. The method of clg 
products. 



4952. The method of claim 4950, wherein tne heat transfer fluid comprises steam. 



4953. The method of claim 4928, 



under pressure, an* 



produced fluids through a turbine. 





jerein condensable 
further compris ng "generating elect 




^carbons are produced 
\>y passing a portion of the 



4954. The method of cl^im 4928/furthejydomprising providing heat from three or more 
heat sources to at least a portion of th^formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulap'pattern. 



4955. The method ofrclaim 4928, further comprising providing heat from three or more 
heat sources to at l^ast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4956: A method for in situ production of energy from a hydrocarbon containing 
formation, comprising: 

providing heat from onejn^efe-fteat sources to at least a portion of the 

for 
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allowing the heaUx^tfarrSfH^om the one or more heatsotireesjo a selected 
sectiopjofthTfonnation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of the hydrocarbons within the selected section of the formatio^; 

producing pyrolysis products from the formation; 

providing at least a portion of the pyrolysis products to a reformer to/generate 
synthesis gas; 

producing the synthesi^gas from the reformer; 

proving at least a portiSW of the produced synthesis gas^ a fuel cell to produce 
electricity, wherein the fuel cell produces a carbon dioxide cprftaining exit stream; and 
storirg at least a portion pYme carbon dioxide in^tfie carbon dioxide containing 
exit stream in a subsurface formkic 
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4957. The method of claim 49S6) whereijUhe one or more heat sources comprise at 
least two heat sources, ancy wherein superposition of heat from at least the two heat 
sources pyrolyzes atsieasf some hydrocarbons within the selected section of the 
formation. 



4958. The method of clmm 4956, wherein at least a portion of the pyrolysis products are 
used as fuel in the reformer. 

4959. The m^mod of claim 4956, wherein the synthesis gas comprises substantially of 
H 2 . 



25 



4960. /The method of claim 4956, wherein the subsurface formation is a spent portion of 
the formation. 



496 1.\ The method of claim 4956, wherein the subsurface formation is an oil reservoir. 
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4962. The method of claim 496 1, wherein at least a portion of the carbon dioxide is used 
as a drive fluid for enhanced oil recovery in the oil reservoir. 
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e memod of claim 4956, wherein the subsurface formation is a hydrocarl 
formation. 



4964. The method of^laim 
to produce metham/ from the h 



m below ground s 



56, wherein at least a portipn of the carbon dioxide is used 
^carbon formation. 



4965. The methdd of claim 4<f(y§ ? wherein the gjtfal formation is IpoaXed over about 760 
lrface. 



4966. The method of claim 
the carbon dioxide within the 




4964 



, further comprising^sequestering at least a portion of 
Hydrocarbon formation. 



4967. The method of claim 4956, wher^m the reformer produces a reformer carbon 
dioxide containing exit stream. 

4968. The method of claim 4966, further comprising storing at least a portion of the 
carbon dioxide in the reformer carbon dioxide containing exit stream in the subsurface 
formation. 

4969. The mej^iod of claim 4968, wherein the subsurface formation is a spent portion of 
the formation 

4970. /The method of claim 4968, wherein the subsurface formation is an oil reservoir. 

4071 . The method of claim 4970, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil^ 
recovery in the oil reservoir. 



4972. The methodjitel-alin 4968, wherein the subsurface formation is a hydrocarbon 
formatic 
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4973. Thejri£thed""oF claim 4872, wherein at least a portion off the carbon dioxide in the 

^ / 

reformer carbon dioxide containing exit stream is used to produce methane from the 

hydrocarbon formation. 

4974. The method of claim 4972, wherein the hydrocarbon formation is located over 
about 760 m below ground surface. 
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4975. The mettiod of claim 4973, further comprising sequestering at least a portion of 
the carbon dioxide in the reformer c^fbon dioxid^containing exit stream within the 
1 0 hydrocarbon formation. s 
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20 



4976. The method of c 



aim 4956, wherein me fuel cell is a molten carbonate fuel cell. 



4977. The metnocUrfclaim 4956, wherein the fuel cell is a solid oxide fuel cell. 

4978. The method of claim 495 6f further comprising using a portion of the produced 
electricity to power electrical heaters within the formation. 

4979. The method of claim 4956, further comprising using a portion of the produced 
pyrolysis products as i feed stream for the fuel cell. 

4980. The method of claim 4956, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 



25 4981/ The method of claim 4956, wherein the one or more heat sources comprise oneor_ 
mpre flameless distributor combustors disposed in the formatior 



30 



4982. The method of claim 4^8ir^fierein a portion of fuel for the flameless distributor 
XQmbustorsjs^gbtam the formation. 
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^49{B: — THernethod of claim 4956, wherein the one or moreTreat-sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit diSpqsed within 
the formation, and further comprising heating the conduit by flowing a hot fluid^ough 
the conduit. 



4984. The method of claim 4956, further comprising using a portion of the syndesis gas 
as a combustion fuel for me one\>r more heat sources. 



oducing amm^Rfia using a carbon containing.iormation, 



produce an O2 rich stream and a N^fich stream; 
kd sectiom of the formation to a^femperature sufficient to support 



4985. A method for p 
comprising 

separating air to 

heating a select 

reaction of carbon-contaWng material in the forpamion to form synthesis gas; 

providing synthesis gas generating f^rfa and at least a portion of the O2 rich 
stream to the selected section; 

allowing the synthesis gas aefierating fluid and O2 in the O2 rich stream to react 
with at least a portion of the carbon-containing material in the formation to generate 
synthesis gas; 

producing syntfy^is gas from the formation, wherein the synthesis gas comprises 
H 2 and CO; 

providin^4t least a portion of the H2 in the synthesis gas to an ammonia synthesis 
process; 

providing N2 to the ammonia synthesis process; and 
^sing the ammonia synthesis process to generate ammonia. 

498(>. The method of claim 4985, wherein the ratio of the H2 to N2 provi^eshtfthe 
ammonia synthesis process is approximately 3:1. 



4987. The method of claim4$85Twherein the ratio of the H2 to N2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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The method of claim 4985, wherein the temperature sufficientlto support reaction 
of carbon-containing material in the formation to form synthesis gas i/anges from 
approximately 400 °C to approximately 1200 °C. 

5 4989. The method of claim 4985, further comprising sepapming at least a portion of 
carbon dioxide in the synthesisgas from at least a portion of the synthesis gas. 



4990. The method ofdaim 4989, wherein th^^arbon dioxide is separated from the 
synthesis gas by an /mine separator. 



10 



15 



4991. Themethd 
carbon dioxide to 



d of claiirr4990^further comprising providing at least a portion of the 
a urea synthesis process to produce urea. 



4992. The method of cjmm 4985, wherein at least a portion of the N2 stream is used to 
condense hydrocarboiis with 4 or more carbon atoms from a pyrolyzation fluid. 

4993. The method of claim 4985, wherein at least a portion of the N 2 rich stream is 
provided to the ammonia synthesis process. 

4994. /The method of claim 4985, wherein the air is separated by cryogenic distillation. 
498o. The method of claim 4985, wherein the air is separated by membrane separation. 



4996. The method of claim 4985, wherein fluids produced during pyrolysis of a 
25 / hydrocarbon containing formation comprise ammonia and, further compri§ing-«ddlng at 
least a portion of such ammonia to the ammonia generat^jkrtrfthe ammonia synthesis 
process. 



4997. ThejTj£th€KTofi claim 4985, wherein fluids produced during pyrolysis of a 
30 hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
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hydrotreating, and, further comprising adding-aUeasLajortion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 



4998. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



4999. The method ofclaim 4985, further comprising providing at least a portip^f the 
ammonia to a urea' synthesis process to produce urea and, further comprising providing 
carbon dioxide from the brmation to the urea synthesis process. 



5000. The method of clafi 
ammonia to a urea synthesis 



least a portion 
comprising provtf 
urea synthesis proce" 





r comprising providing at least a portion of the 
to produce ure^^and, further comprising shifting at 
monoxide to carbon dioxide in a shift process, and further 
st a portion of the carbon dioxide from the shift process to the 



5001. The method of claim 4^85, wherein heating the selected section of the formation 
to a temperature to support/reaction of carbon containing material in the formation to 
form synthesis gas comprises: 

heating zones^adjacent to wellbores of one or more heat sources with heaters 
disposed in the weilbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with O2 in the O2 rich stream; 

introducing the O2 to the zones substantially by diffusion; 
allowing O2 in the O2 rich stream to react with at least a portion of the carbon- 
contain/ng material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



5002 The method of claim 500 1 , wherein temperatures sufficien^o^uppcHTreac of 
carbok-containing material within the zon£SJ^4th^Tr^ from approximately 200 °C to 
approximatglyJ200_ 
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5QQ3. ThejTLfiliiod-efctaTm ^00l, wherein the one~oFrrR 
or more electrical heaters disposed in the formation. 



igat sources comprises one 



5004. The method of claim 5001, wherein the one or more heat sources/comprises one 
or more natural distributor combustors. 
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5005. The roeTfioch^f claim 5001, wherein the one or more heat sources comprise one or 
more heatgf wells, wherein at least one heater well comprises^ conduit disposed within 
the formation, and furthjBf comprising heating the conduitjby flowing a hot fluid through 
the conduit. 



5006. 



The method of claim 5001, further comprising using a portion of the synthesis gas 



as a con\bustion fuel for the one or more hrat sources. 

5007. The method of claim 4985y(vherein heating the selected section of the formation 
to a temperature to support reapuon of carbon containing material in the formation to 
form synthesis gas comprise 

introducing the yi rich stream into the formation through a wellbore; 
transporting O2 in the O2 rich stream substantially by convection into the portion 
of the selected secmon, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with 02.in the O2 rich stream; and 

reacting the O? within the portion of the selected section to generate heat and raise 
the temperature of the portion. 

5008. / The method of claim 5008, wherein the temperature sufficient to support an 
oxidisation reaction with O2 ranges from approximately 200 °C to approximately 1200 



5009. The method of claim 5008, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 
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5010. Thejiiethed-rrfclaim Suu8, wherein me 
or more natural distributor combustors. 



more heat sources comprises one 




501 1 . The method of claim 5008, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduij disposed within 
the formatioiyanOMl^er comprising heating the conduit by flowing p> hot fluid through 
the conduit/ 




5012. T ie method of 
as a combustion fuel for 



aim 5008, further comprising using ^/portion of the synthesis gas 
e one or more heat sources. 



5013. Thit method of chim 4985r&rthei^Gomprismg controlling the heating of at least 
the portion qf the selecte i section and provisiop'of the synthesis gas generating fluid to 
maintain a temperature Within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



m 
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5014. The method of claim 498£f wherein the synthesis gas generating fluid comprises 
liquid water. 

5015. The method of cjdim 4985, wherein the synthesis gas generating fluid comprises 
steam. 



5016. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
25 water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from /he selected section. 



5017. The method of claim 5016, wherein a portion of the carbon dioxide within the 
synthesis gas\eenerating fluid comprises carbon dioxide removed from the 
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5018c The method of claim 4985, wherein the synthesis gas generating fluid comprises 
carboq^dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide" 

5019. The method of claim 5018, wherein a portion of the carbon dioxide withmtite 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. \ 

5020. The method of claim 4985, wherein providing the synthesis gas generating fluid 
to at least the portion of th^select^d section comprises raising a water table of the I 
formation to allow wdfer to flow/^nto th^ at least the portion of the selected section. 

5021 . A metnod for producing ah^rionia fysing a carbon containing formation^ 
comprising:/ 

generating a first ajzimonia feed stream from a first portion of \b£ formation; 

generating a sepond ammonia feed stream from a second ppnion of the formation, 
wherein the second ammonia feed stream has a H2 to N2 ratio^greater than a H2 to N2 ratio 
of the first ammonia feed stream; X 

blending at least a portion of the first ammoruarreed stream with at least a portion 
of the second ammonia feed stream to produce amended ammonia feed stream having a 
selected H2 to N2 ratio; / 

providing the blended ammonia feed stream to an ammonia synthesis process; and 

using the ammonia synthesis ^process to generate ammonia. 

5022. The method of claim 5021, wherein the selected ratio is approximately 3:1. 

5023. The method of cldim 5021, wherein the selected ratio ranges from approximately 
2.8:1 to approximatel/3.2:l. 



5024. The methon of claim 5021, further comprising separating at least a portion of 
carbon dioxide in [the first ammonia feed stream from at least a portion of the first 
ammonia feed strea 
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:>U2:>. ine method of claim 5024, wherein the carBorTcH^xideis separated from the first 
ammonia feed stream by an amine separator. 

5026. The method of claim 5025, further comprising providing at least a pontion of the 
carbon dioxide to a urea synthesis process. / 

5027. The methoa of claim 502 1\ further comprising separating at lea^r a portion of 
carbon dioxide/in the blended ammonia feed stream from at least a^rtion of the blended 
ammonia feea stream. 

5028. The method of/claim 5027, wherein the carbon/fioxide is separated from the 
blended ammoni^feed stream by an amine separapdr. 

5029. The method of claim 5028, furthep^comprising providing at least a portion of the 
carbon dioxide to a urea synthesis prcx^ess 

5030. The method of claim 1 , further comprising separating at least a portion of 
carbon dioxide in the secjafad ammonia feed stream from at least a portion of the second 
ammonia feed stream/ 

503 1 . The mexhod of claim 5030, wherein the carbon dioxide is separated from the 
second ammonia feed stream by an amine separator. 

5032c The method of claim 5031, further comprising providing at least a portion of the 
canxm dioxide to a urea synthesis process. 

5033. The method of claim 5021, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
\least a portion of such ammonia to the ammonia gene rated from the a mmonia synth^six-- 
process^ 
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5j334. The m f tlir u l nf nlnim ^0 7 1, whrrrin fluids iiirujnrnl during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammontessoroduced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 

5035. The method of claim 502 1, further comprising providing at least a p6rtion of the 
ammonia to a urea synthesis process to produce urea. 
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10 5036. The method of claim 5021, further comprising providing/at least a portion of the 
ammonia to i urea synthesis process to projklce urea and, firmer comprising providing 
carbon dioxide from the fos^tiontp^tfie urea synthesis^rocess. 

5037. The method^pf claim 502 1, further comprising providing at least a portion of the 
15 ammonia t^aur^a synthesis process to proiduce urea and further comprising shifting at 

least a portion of carbon monoxide in the blended ammonia feed stream to carbon dioxide 
in a shift process, and further composing providing at least a portion of the carbon 
dioxide from the shift process \%o the urea synthesis process. 

20 5038. A method for producing ammonia using a carbon containing formation, 
comprising: 

heating ^selected section of the formation to a temperature sufficient to support 
reaction of caf^on-containing material in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an O2 rich stream to the selected 
25 section, wherein the amount of N2 in the O2 rich stream is sufficient to generate synthesis 
gas having a sheeted ratio of H2 to N2; 

allowing the synthesis gas generating fluid and O2 in the O2 rich stream to react 
with at least a portion of the carbon-containing material in the formation to generate 
synthesis gas having a selected ratio of H2 to N2; 
30 producing the synthesis gas from the formation; 
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prov iding at least a portion of the and N? in the synthesis gas to an ammonia 
synthesis process; 

using the ammonia synthesis process to generate ammonia. 

5039. The method of claim 5038, further comprising controlling a temperature/6 f at 
least a portion of the selected section to generate synthesis gas having the selected H2 to 
N-> ratio. 
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5040. The m< thod of claim 503[8, wherein the selected ratio is approximately 3:1. 

5041 . The method of clpim 5038, wherein the selectecj/ratio ranges from approximately 
2.8:1 to 3.2:1. 

5042. The method of claim 5038, wherein^fhe temperature sufficient to support reaction 
of carbon-containing material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 



20 



5043. The method of claim^OSS, wherein the O2 stream and N2 stream are obtained by 
cryogenic separation of afir. 



5044. The,meth9d of claim 5038, wherein the O2 stream and N 2 stream are obtained by 



membrane separation of air. 



25 



5045. Thfe method of claim 5038, further comprising separating at least a portion of 
carbonydioxide in the synthesis gas from at least a portion of the synthesis gas. 



5046. The method of claim 5045, wherein the carbon dioxide is separated from the^ 
synmesis gas by an amine separator. 



30 5047. The method of claim 5046, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 
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5048. The method of claim 5038, wherein fluids produced during pyrolysKof a 
hydrocarbon containing formation comprise ammonia and, further comprisingWiding at 
least a portion of such ammonia to the ammonia generated from the ammoniaySynthesis 
process. 

5049. The metfrcrdsqf claim 5038, wherein fluids produced during pvrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreatingjand fuith^ncomprising adding at least a portion of such ammonia to the 
ammonia generated ftpm the artonooia synthesis proc^T 

5050. The nrethoca of claim 5038, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to^produce urea. 

505 1 . The method of claim S0j8, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from^fKe formation to the urea synthesis process. 

5052. The n^thod of claim 5038, further comprising providing at least a portion of the 
ammonia^ a urea synthesis process to produce urea and further comprising shifting at 
least a/portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 

le shift process to the urea synthesis process. 



5053. The method of claim 5038, wherein heating a selected section of the formation to 
a temperature to support reaction of carbon containing material in the formation to form 
synthesis gas comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are^configuj^4-te-raise leinpeiatures of the 
zones to temperatures sufficienUe-stlpp^reaction of carbon-containing material within 
the zonesjwth-^Tin the 0-> rich stream; 
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introducing^^ 

allowing O2 in the O2 rich stream to react with at least a portion oftfc^ carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



5054. The method of claim 5053, wherein temperatures sufficient to support reaction of 
carbon-containing matejtfm withint^e zones with O2 range from approximately 200 °C to 
approximately 1200 
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5055. The method of claim 5053< wherein the one or more he^Hources comprises one 
or more electrical heaters disposed in the formation. 

5056. The method of claim 5053, wherein the or^or more heat sources comprises one 
or more natural distributor combustors. 

5057. The method of claim 5053, wKerein the one or more heat sources comprise one or 
more heater wells, wherein at leatfi one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5058. The methoa of claim 5053, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



5059. Tne method of claim 5038, wherein heating the selected section of the formation 
25 to a ternperature to support reaction of carbon containing material in the formation to 
fonji synthesis gas comprises: 

introducing the O2 rich stream into the formation through a wellbore; 
transporting O2 in the O2 rich stream substantially b y convection into the 
\{ the selected section, where in jlje-perHrffToFme selected section is at a temperature 
30 suffkdenLtQ^suppeiT^^ reaction with O2 in the O2 rich stream; and 
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reacting jhejl^ of the select 

the temperature of the portion. 



Lenerate heat and raise 



5060. The method of claim 5059, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 
°C. 

506 1 . The method ofclaim 5059, wherein the one or more heat sources comgpfses one 
or more electrical Heaters disposed in the formation. 
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5062. Theme 
or more natural 



lod of claim 5059, wh ereinj lx&'-oTie or more heat purees comprises one 
distributor cc/mbustors. 



5063. The method of clajm 5059, wherein the one ojxmore heat sources comprise one or 
15 more heater wells, wKerein at least one heater wejixomprises a conduit disposed within 

the formation, and further comprising heating^ne conduit by flowing a hot fluid through 
the conduit. 

5064. The method of claim 5059, iurther comprising using a portion of the synthesis gas 
20 as a combustion fuel for the one/or more heat sources. 



25 



5065. The method of claim 5038, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperate within at least the portion of the selected section above the 
temperature suffipent to generate synthesis gas. 



5066. The inethod of claim 5038, wherein the synthesis gas generating fluid comprises 
liquid water. 



30 5067. Tlje method of claim_£Q3i^-wh^ synthesis gas generating fluid comprises 
steam. 
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5068^JQ*e~ifiemod of claim 5038, wherein the synthesis gas generatirtgsfluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production oft carbon 
dioxide from the selected section. / 

5069. The method of claim 5068, wherein a portion of the carbon decide within the 
synthesis gas generatingjluid comprises carbon dioxide remove^Trom the formation. 

5070. The metjfod of cl^im 5038, wherein/tne synthesis^gas generating fluid comprises 
carbon dioxidj6, and wh£r^jn a portiorKff the carboryuioxide reacts with carbon in the 
formation to/generate </arbon monoxide. 

5071 . The nkthoef of claim 5070, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid composes carbon dioxide removed from the formation. 

5072. The method of claimo038, wherein providing the synthesis gas generating fluid 
to at least the portion of^ne selected section comprises raising a water table of the 
formation to allow wmer to flow into the at least the portion of the selected section. 

5073. A method for producing ammonia using a carbon containing formation, 
comprising/ 

providing a first stream comprising N2 and carbon dioxide to the formation; 
/ allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 
formation; 

/ producing a second stream from the formation, wherein the second stream 
comprises a lower percentage of carbon dioxide than the first stream; 

providing at least a portion of the N2 in the second stream to an ammonia 
synthesis process. 



5"074.^Tfiemethod of claim 5073, wherein the second stream comprises H2 from the 
formation. 
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SQ2U^ m e thod u f ulaini 3073, wheieiil die fiist slr eaf 
containing formation. 



iduced from a carbon 



5076. The method of claim 5075, wherein the first stream is generated by rptfcting a 
oxidizing fluid with carbon conlaining^aterial in the formation. 
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5077. The method of claim 5073, wherein the spetmd stream comprises H? from the 
formation and, furthe/ comprising providjn^such H2 tenhe ammonia synthesis process. 

5078. The method bf clain/5073, further c^rtaprising using the ammonia synthesis 
process to generate ammonia. 

5079. The method of claim 5078<^wherein fluids produced during pyrolysis of a 
hydrocarbon containing fonnanon comprise ammonia and, further comprising adding at 
least a portion of such amrjionia to the ammonia generated from the ammonia synthesis 
process. 



5|» 



5080. The methoja of claim 5078, wherein fluids produced during pyrolysis of a 
20 hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating; and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 
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5081/ The method of claim 5078, further comprising providing at least a portion of the 
lonia to a urea synthesis process to produce urea. 



30 



5082. The method of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
rbon dioxide from the formation to the urea synt t 
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5083. The method of claiinjOT&^^tfttK'i c u iiipiisiug piuvid tftg-aUgasta portion of the 
arrmiorua-io-«nlrea^ynthesis process to produce urea and further comprising sfii*4ng at 
Teast a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from] 
the shift process to the urea synthesis process. 
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heat sources can mob 



5084. A method of treating^ hydrocarbon containing permeable formation in : 
comprising: 

providing heat $fom oi^ or more heat^6urces to at least one pojtf&n of the 
10 permeable formation; J 

to traisfer from the one or more heat/sources to a selected 
)f the permeable formation such thaj/fne heat from the one or more 
Jize aj/least some of the hydro9arbons within the selected 
mobilization section of the permeable formation;- 
15 controlling the heat from the one or more heat sources such that an average 

temperature within at least a majority ofythe selected mobilization section of the 
permeable formation is less than aboilt 150°C; 

allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the pemieable formation such that the heat from the one or more 
20 heat sources can pyrolyze/at least some of the hydrocarbons within the selected 
pyrolyzation section ofthe permeable formation; 

controlling tne heat from the one or more heat sources such that an average 
temperature witmn at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; and 
25 producing a mixture from the permeable formation. 



30 



5085. The method of claim 5084, whereinJJ*e"6ne or more heat sources comprise at 
least tvfo heat sources, and wherprrlsuperposition of heat from the one or more heat 
sources &an mobiliz^art^ast some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 
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5086. The method of claim ^SQSir-whereimfte one or more near^ottfc^scomprise at 
least t^o-heafsources, and wherein superposition of heat from the one or mote heat 
sources can mobilize at least some of the hydrocarbons within the selected pyrol^zation 
section of the permeable formation. 
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5087. The method of d^mK£084, wherein the one or more heat sources comprise 
electrical heaters. / 



5088. The method 
surface burners. 



of claim 5084,Vherein the orfe or more heat sources comprise 



5089. The method 6f claim 5084, wherein the one or moje heat sources comprise 
flameless distributed combustors. 

5090. The method of claim 5084, wherein th^ne or more heat sources comprise natural 
distributed combustors. 
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5091. The method of claim 5084, ftirther comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5092. The method of claim 5084, further comprising controlling a pressure and a 
temperature within atleast a majority of the permeable formation, wherein the pressure is 
controlled as a funpxion of temperature, or the temperature is controlled as a function of 
pressure. 

5093. Th^ method of claim 5084, further comprising controlling the heat such that an 
average4ieating rate of the selected pyrolyzation section is less than about 15 °C/da} 
during pyrolysis. 



30 5094. Thernethod ofclaim 5084, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 
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heating a selected^plumeXJ'T^ containing^^neable formation 

from the^on^prfiore heat sources, wherein the formation has an average hW 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons ^vithin the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to oj/fess than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *rf~\ 
wherein Pwr is4he heatiife energy/day, h is an average^ating rate of the 
formation, p B is formation bulk density, and whejein th^heating rate is less than about 10 
°C/day. 




5095. The method declaim 5084, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilisation section and/or the selected pyrolyzation 
section comprises transferring heat atfostantially by conduction. 



5096. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 
25°. 

5097. The method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons, /nd wherein less than about 0.5 % by weight of the condensable 
hydrocarbor^, when calculated on an atomic basis, is nitrogen. 

5098. T/fie method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 



5099\ The method of claim 5084, whereiruthe^roduced mixture comprises sulfur, and 
whereil^^e§sJhaIrabol^ of the condensable hydrocarbons, when 

calculated on an atomic basis, is sulfur. 
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^JJWr^fhe method of claim 5084, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure i^at least 
about 2 bar absolute. 

5101. The method of claim 5084, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numj^rs greaterthan about 25. 

5 102. The method of (Maim 5084, further comprising: 
providing/ hydrogen (I-jf?) toHJi^ heated section to hydjxfgenate hydrocarbons within 

the section; ana 

heating a bortion of t/he section with heat fron^hydrogenation. 

5103. The method of claim 5084, whereinahe produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydroca^Hons with at least a portion of the produced hydrogen. 

5 1 04. The method of clainy$084, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 

5 105. Th/ method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 



5106\The method of claim 5( 
stream and a liquid stream. 



ler comprising separating the mixture into a gas 
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5107. The method_oj]xla»a-5 €84, f arther TOfnprismg-seBarating the mixture into a gas 
n : eanTand a liquid stream and separating the liquid stream into an^-aqueous stream and a 
non-aqueous stream. 
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5 108. The method of claim 5084, wherein the mixture is produced from a production 
well, th/method fuhher comprising heating a wellbore of the productior/well to inhibit 



condensation of the 



cture within the wellbore. 



5 109. The method jbf cle&qi 5084, wherein-the mixture is prodded from a production 
well wherein a weLtbore of th^pro3uction well comprises a^neater element configured to 
heat t^e permeablp formation adjacent to the wellbore, and further comprising heating the 
peimeafrlgfonpation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and pr 2 . 

5110. The method of claim 5084, wh^^ein a minimum mobilization temperature is about 
75 °C. 
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5111. The method of clainj/M)84, wherein a minimum pyrolysis temperature is about 
270 °C. 
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5112. The method of claim 5084, further comprising maintaining the pressure within the 
permeable fomfation above about 2 bar absolute to inhibit production of fluids having 
carbon numoers above 25. 



51 13. /the method of claim 5084, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, whereinjljej^Fesstirei^ reduced to increase 
production of condensable-&utdsTand wherein the pressure is increased to increase 
production of non-condensable fluids. 
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51 14 i- JCbe-metlTo3^f^laim 5084, further comprising controlling pressing within the 
permeable formation in a range from about atmospheric pressure to about lOO^bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decpease the 
API gravity, and wherein the pressure is increased to reduce the API gravh 

5115. The method of claim 5084, wherein mobilizing the hydrocarbons within the 



selected m 



•bilization 



5116. Thi method oi 



*ctioAcomprises reducing a viscosit^m the hydrocarbons. 



20 



claim 5084, further comprising providing a gas to the permeable 
formation, Wherein thfe gas is configured to increase a flow of the mobilized 
hydrocarbons from trie selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the nenneable formation. 

5117. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas'is configured to increase a flow of the mobilized 
hydrocarbons from the/selected mobilization section of the permeable formation to the 
selected pyrolyzati$>n section of the permeable formation, and wherein the gas comprises 
carbon dioxide. 



25 



5118. Theymethod of claim 5084, further comprising providing a gas to the permeable 
formation; wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
nitrcmen. 



30 



5 lit 9. The method of claim 5084, further comprising providingjugas^othe permeable 
formation, wherein the gas is configured to increase>-fit5wof the mobilized 
hyatocarbons from the selected mobilizatitSnsection of the permeable formation to the 
selectea^ ^lyzationj £ctfetfof [he permeable formation, the method further comprising 
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controlling a pressure of the provided gas such that the flow of the mobilized 
Kydrocarbonsls controlled. 



5 120. The method of claim 5084, further comprising providing a gas re) the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure^5fthe"^Qyided gas such that the flow of the mobilized 
hydrocarbons is enrolled, wherein the pressure of the provided g#s is above about 2 bar 
absolute. 

5121. The method of claim 5Q&4, ftnth^rcomppfe a gas to the permeable 
formation, wherein the gas is configured to increasp^a flow of the mobilized 
hydrocarbons fromahe selected mobilization sepnon of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gasr such that the flow of the mobilized 
hydrocarbons is controlled, wherein )Ke pressure of the provided gas is below about 70 
bar absolute. 



5 122. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat/from one or more heat sources to at least one portion of the 
permeable formation; 

allowing/ftie heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sourceycan mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

Dntrolling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected mobilizationjeeik 
permeable formation is less than about 150^Cr 
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allowing the heat to tr^nsfeflrom the one or jfnore heat sources to a selected 
pyrolyzation sectiorTofthe permeable formation suih that the heat from the one or more 
heat spurdes can pyrolyze at least some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formatic 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of tWe selected pyrolyzation section of the 
permeable formation is less than about375°C; 

allowing at least some of the/mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeacle formation; and 
/ produc 



51 
leas 



producing a mixtare from the permeable formation. 



^two/ 




3. The method of claim 5 122, wherein the one or more heat sources comprise at 



heat sources, arid wherein superposition of heat from the one or more heat 
sources can mobilize ai least some of the hydrocarbons within the selected mobilization 
section of the permeaole formation. 



5 124. The method of claim 5 122, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyyblyze at least some of the hydrocarbons within the selected pyrolyzation 
section of theypermeable formation. 

5 125. TlWmethod of claim 5 122, wherein the one or more heat sources comprise 
electrical heaters. 



5 126. The method of claim 5 122, wherein the one or more heat sources cor 
surface burners. 



5127. 
flamel 



The method of claim 5122, wherein the one^orlnore heat sources comprise 
;ss distributed combustors. 
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taim i\1L wheieili the une- 



re heat sources comprise natural 



distributed combustors. 



5129. The method of claim 5122, further comprising disposing the one or more he^t 
sources horizontally within the permeable formation. 
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5130. The method of claim 5 1 22, further comprising controlling a pressure aifci a 
temperature within at least a majority of the permeable formation, whereiVthe pressure is 
controlled /s a function of temperature, or the temperature is controll^eias a function of 
pressure. 



5131. The method o 
average heking rate 
during pyrol 




claim 5 122, tuFtner comprising controlling the heat such that.an 
f the selected pyrolyzation section is less than about 15 °C/day 



5132. The method of claim 5 122, wherejn providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume \W) of the hydrocarbon containing permeable formation 
from the one or more heat soupcfes, wherein the formation has an average heat 
capacity(C v ). and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heajang energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr y/h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/da 



The method of claim 5 L22r J whefeTn allowing the heat to transfer from the one or 
rrtete heat soujxss-ttTtfie selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 
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5 134. The method of claim 5122, wherein producing the mixture from the permeable 
format iorThirther comprises producing a mixture h£ 
25°. 



gravity of at least about 



5135. The method of claim 5122, wherein the produced mixture comprises condensabftj 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 



5136. The meti 
hydrocarbons, 
hydrocarbons, 



122, wherein the produced mixture comprises cpmlensable 
wherein ljbks than about 7 % by weight, of the condensable 
when calculate^ onaxTatomielSasis, is oxygen. 



5137. The method orpfaim 5122, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weignt, of the condensable 
hydrocarbons, when calculated on an atomic basjsfis sulfur. 

5138. The method of claim 5122, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 

5139. The method of oiaim 5122, further comprising altering a pressure within the 
permeable formatiojr to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 



5 140. The/method of claim 5122, further comprising: 

pro/iding hydrogen (H2) to the heated section to hydrogenate hydrocarbons within 
the sectipn; and 

heafcqig a portion of the sectiQjiJw4th4T?anro^ hydrogenation. 
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< $H 1 . Th Tmetftod ot claim 3 1 ll, wherein rtie-pfeducgdmixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogSratmg a portion of 
the produced condensable hydrocarbons with at least a portion of the produc^&liydrogen. 
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5142. The method of claim 5122, wherein producing the mixture from the permeable 
formation further comprises producing mixture in a production well, wherem / the heating 
is controlled such that the mixture can be produced from the permeable^ormation. and 
wherein at least about 4 heat sources are disposed in the permea^kTormation for each 
production welly 



5143. The: 



ethod ofVckim 5122, wherein prodtieing the mixture from the permeable 



formation fuither comprises producing 



is controlled 



ire in a production well, wherein the heating 



such that the mixture can^be produced from the permeable formation, and 
wherein the production ^vell is disposed substantially horizontally within the permeable 
formation. 

5144. The method of^faim 5122, further comprising separating the mixture into a gas 
stream and a liquid^tream. 

5145. The method of claim 5122, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 



5 146. / The method of claim 5 122, wherein the mixture is produced from a production 
25 well/the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 



30 



5 14^ . The method of claim 5 122 ; ^heFerrrtKemixture is produced from a production 
well, Vherein a wgllbere"of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
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oermeabl^^ heater element to produce the rnlxT 

comprises non-condensable hydrocarbons and H2. 



jerein the mixture 



5148. The method of claim 5 122, wherein a minimum mobilization temperature \f> about 
75 °C. 

5149. The method of claim^5122, wherein a minimum pyrolysis temjjefature is about 
270 °C. 




5 1 50. The method pf claim 5 lji2, further comprising maintaining the pressure within the 
permeable formation above abpu\2 bar absolutejp^nhibit production of fluids having 
carbon numbers above 25. 

5151. The method okclafm 5122. farther comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids withbr ;he mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of nor^condensable fluids. 

5152. The/method of claim 5122. further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5\53. The method of claim 5122, wherein mobilizingjhgJiydfeOT the 
sele&od mobilization section c^mpmesT'eHucing a viscosity of the hydrocarbons. 



5154. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
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hydrocarbons from the selected mobilization seHiorTTrf^he^permeable formation to the 
selected pyrolyzation section of the permeable formation. 
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5155. The method of claim 5122. further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas cop^prises 
carbon dioxide. 



5 1 56. The method/6f claim 5' 
formation, whereii/ the gas is 
hydrocarbons fro 
selected pyrolyzat 
nitrogen. 




22. further comprising providing a sefsto the permeable 
bnfigured to increased flow of>fte mobilized 



the select^ mobilization segfion ofjke permeable formation to the 
the permease formation, and wherein the gas comprises 



5157. The method of claim 5122, funher comprising providing a gas to the permeable 
formation, wherein the gas is coimgured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is^controlled. 



5158. Tne method of claim 5122, further comprising providing a gas to the permeable 
formatfon, wherein the gas is configured to increase a flow of the mobilized 
25 hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hycfeqcarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. 



30 
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59. The method of claim 5 122. further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the pemieable formation to the 
selected pyrolyzation section of the permeable formatiopf he method further comprising 
controlling a pressure of the provided gas such that tHe flow of the mobilized 
hydrocarbons is controlled, wherein the pressur^of the provided gas is below about 100 
bar absolute. 



5160. A method of treating a hydroc<^Don containing permeable formation in situ, 
10 comprising: 

provid ng hea ^ om one^r mo re heat sources to at least one portion of the 
permeable for nation: 

allowing th^heat to/fransfer from the one or more heat sources to a selected 
mobilization section of t#e permeable formation such that the heat from the one or more 
15 heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization sectioia of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature wimin at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 
20 allowing the heat to transfer from the one or more heat sources to a selected 

pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sojirces can pyrolyze at least some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
25 temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobil&ation section of the permeable formation to the selected pyrolyzation section of 

the permeable formation; 

30 providing a^as^e4he4ienii£abte wherein the gas is configured to 

increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
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1 



the selected pyrolyzation section of the permeable formation; 



and 



producing a mixture from the permeable formation. 



5161. The method of claim 5 1 60, wherein the one or more heat sources comprise at 
least two heat sources, and wherein the heat from the one or more heat sources can 
mobilize at least son^ of me hydrocarbons within the selected mobilization section^ 
permeable form^tipn. 

5 1 62. The /hetftod of clairh^ 1 60, wherein th^erTe or more h&tft sources comprise at 
least two h^at Sources, and wherein the heat from the op€^ 3r more heat sources can 
pyrolyze At lefast some of the hydrocarbons withip^fhe selected pyrolyzation section of the 
peimeabig/formation. 

5163. The method of claim S^p^herein the one or more heat sources comprise 
electrical heaters. 

5 1 64. The method^df claim 5 1 60, wherein the one or more heat sources comprise 
surface burners/ 

5165. The method of claim 5160, wherein the one or more heat sources comprise 
flamdess distributed combustors. 

5 166. The method of claim 5 160, wherein the one or more heat sources comprise natural 
distributed combustors. 

5167. The method of claim 5160, further comprising disposing the one or more heat 
sotKQes horizontally within the permeable formation. 

5168. The method of claim 5 1 60, further comprising"coritre]4ir^ and a 
temperature within at least a majority of the permeable formation, wherenvfhe-pi^ssure is 
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oentrolled- as-a-fetftetimi uf temperature, or i 
pressure. 



tyre is controlled as a function of 
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5 1 69. The method of claim 5 1 60, farther comprising controlling thejielt such that an 
average heapfl-g-rat^ of the selected pyrolyzation section isJesSman about 15 °C/day 
during pyrolysis. 



5170. 



source 




aim 5 160, whej£m providing heat from the one or more heat 



st the portion of permeable formation comprises: 
'a selected volwrle (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the^formation; and 

wherein heajnng energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = hf*V*C*p B 

whereiny^vvr is the heating energy/day, h is an average heating rate of the 
formation,/?/ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5171. yThe method of claim 5 1 60. wherein allowing the heat to transfer from the one or 
more neat sources to the selected mobilization section and/or the selected pyrolyzation 
sect/on comprises transferring heat substantially by conduction. 



25 ? 172. The method of claim 5160. wherein producing mixture from the permeable 

formation further comprises producing mixture having an API gravity of at least about 
25°. 



5 1 73. The method of claim 5 160, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 
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■54 J 74T~~Theinen^^ mixture comprises condensable 

hydrocarbons, and wherein less than about 7 % by vveightToTnTrrtrnd^asahle 
hydrocarbons, when calculated on an atomic basis, is oxygen. 



5 1 75. The method of claim 5 160, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight, of the condens^fcfe 
hydrocarbons, when cakfuRited on an atomic basis, is sulfur. 



5 1 76. The method of cla tn 5 1 6(j>, further comprising contpertling a pressure within at 
least a majority of the permeable formation, wherein tj>£controlled pressure is at least 
about 2 bar absolute. 



5177. The mWhod 07 claim 5160, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater rfian about 25. 



5178. The method of claim 5160, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons within 

the section; and 

heating a/portion of the section with heat from hydrogenation. 

5 1 79. Tbe method of claim 5 160, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



5 1 8fl>. The method of claim 5 160, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formatioit^and-wher^^ 4 heat sources are dispose~cTirr 

formation for each production well. 
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^181 ^T hff method of claim ^J^ Oj^vhprpjn producing the mixture from the permeable 
formation further comprises producing the mixtureirTTprad«ctkin well, wherein the 
heating is controlled such that the mixture can be produced from the permeaE 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 

5182. The method of claim 5 1 60, further comprising separating the mi^ftfre into a gas 
stream and a liquicLgfream. 

5 183. The method of claim 5160 Jitnher comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid ^fream into an aqueous stream and a 
non-aqueous stream. 

5 184. The method of claim 5160, wherein the mixture is produced from a production 
well, the method further comprisk^ heating a wellbore of the production well to inhibit 
condensation of the mixture Within the wellbore. 

5 185. The method of/claim 5160. wherein the mixture is produced from a production 
well wherein a wejioore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise n<m-condensable hydrocarbons and H2. 

5 186. /The method of claim 5160, wherein a minimum mobilization temperature is about 
75 



/o 187. The method of claim 5160. wherein a mir 



jemperature is about 



1014 



Conley. Rose & Tayon. P.C. 



5188. The method of claimJJiilLJ ^rth e r compri ^iogjaaintaining the pressure vvithin the 

formation above about 2 bar absolute to inhibit productilm^f fluids having 
carbon numbers above 25. 



5189. The method of claim 5160. further comprising controlling pressureAvithin the 
permeable formation in a range from about atmospheric pressure to abput 100 bar 
absolute, a^m^ured at a wellhead of a production well, to contr^an amount of 
condensable fluids Vithin the mixture, wherein the pressure i^reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 



5190. The method of claim 5 160, further^omprising controlling pressure within the 
permWble formation in a range from atfout atmospheric pressure to about 100 bar 
absolute/as^measured at a wellhe^a of a production well, to control an API gravity of 
condensable fluids within the^nixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein ine pressure is increased to reduce the API gravity. 



5191. The methocrof claim 5160, wherein mobilizing the hydrocarbons within the 
selected mobilisation section comprises reducing a viscosity of the hydrocarbons. 

5192. The method of claim 5 160, wherein the provided gas comprises carbon dioxide. 

5193( The method of claim 5160, wherein the provided gas comprises nitrogen. 

194. The method of claim 5160, further comprising controlling a pressure of the 
/provided gas such that the flow of the mobilized hydrocarbons is controllej 



5195. The method of claim 5160, further cotryM^itlg^ontrolling a pressure of the 
provided gas such that the flowjofltiemobilized hydrocarbons is controlled, wherein the 
ptesSj^eoTth^pre is above about 2 bar absolute. 
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5 1 96. T he method of flaim si£n , fiirth^r mmprisinr rnnt Hj|rig a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlle37^vhetein the 
pressure of the provided gas is below about 100' bar absolute. 



5 197. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing h^at from one <pr more heat sources to at least one portion of the 
permeable formation; 

allowing t/he heat to traq(s% from the one or mor^-heat sources to a selectee 
mobilization section of the per^eabl^oomalioH^tlch that the heat from the on^br more 
heat sources can inobilize at le^st some of the hydrocarbons within the seated 
mobilization section of the pejfmeable formation; X 

controlling the heat fr6m the one or more heat sources supn that an average 
temperature within at l^asTa majority of the selected mobilisation section of the 
permeable formation is less than about 150°C; X 

allowing the heat to transfer from the one of^more heat sources to a selected 
pyrolyzation section of the permeable formatipn such that the heat from the one or more 
heat sources can pyrolyze at least some of/tne hydrocarbons within the selected 
pyrolyzation section of the permeable^ormation; 

controlling the heat from tjafe one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less :han about 375°C; 

allowing at least'some of the mobilized hydrocarbons to flow from the selected 
mobilization sectioi/of the permeable formation to the selected pyrolyzation section of 
the permeable formation; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization sectionjif^ 
the permeable formation to the selected pyrolyzation section of thej>©mT6aSle formation; 

(Controlling a pressure of the provided gasjy^Hiiafthe flow of the mobilized 
hydrocarbons is controlled; and ^^^-"""""^ 

prbdueing^jiaixturgTrom the permeable formation. 
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519$^J£e-methrs^^ 5197, wherein the one or moreheaTStmfGes^cornpnse at 
least two heat sources, and wherein superposition of heat from the one or more neat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 



5 199. The method of claiHf5T^77syherein the one or more heat sources comprise at 
least two heat sources./^nd wherein sm)erposition of heat from the one o/more heat 
sources can pyrolyzo'at least some of tne hydrocarbons within the sheeted pyrolyzation 
section of the permiable formation. 

5200. The method of claim 5 ly97, wherein the one or n^re heat sources comprise 
electrical heaters. 



5201. The method of claim 5197, wherein tjre one or more heat sources comprise 
surface burners. 

5202. The method of claim 5 197/wherein the one or more heat sources comprise 
flameless distributed combustoi's. 

5203. The method of cjmm 5197, wherein the one or more heat sources comprise natural 
distributed combustoc 

5204. The metnod of claim 5 197 f further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 



5205. Trie method of claim 5197, further comprisiiig-controtling a pressure and a 
temperature within at least a mapmy'oFthe permeable formation, wherein the pressure is 
controlk^^lJ^ 116 ^ 5 ^ 0 ^ temperature, or the temperature is controlled as a function of 
pressure. 
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5206. The method of claim 5197. further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation sectiorrrs4ess4haa about 15 °C/day 
during pyrolysis. 




5207. The method of claim 5 197, wherein providing heat from the one or mor^heat 
sources to at least the portion of permeable formation comprises: 

heating a selsetedsyolume (V) of the hydrocarbon containingj^rmeable formation 
from the one or m6re heat sources, wherein the formation has an average heat 
capacity(Cv). aria whereinfthe heating pyrolyzes at least som^fiydrocarbons within the 
selected volume of the formation; 

wherein heating enjbsgy/day provided^ th^blume is equal to or less than Pwr, 
wherein Pwr is calculated/ by tiTe-eauatKm: 
Pwr 

wherein ^ifyvr is tfte heating enep§£y/day, h is an average heating rate of the 
formation, p B is formation bulk cj^nsity, and wherein the heating rate is less than about 10 
°C/day. 



5208. The method of :laim 5 197, wherein allowing the heat to transfer from the one or 
more heat sourcesao the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5209. Tfie method of claim 5 197, wherein producing the mixture from the permeable 
form^ion further comprises producing mixture having an API gravity of at least about 
25°/ 



)210. The method of claim 5 197. wherein the produced mixture comprises condensable 
Wdrocarbons. and wherein less than about 0.5 % by weight, o f the condensable 
hyak^arbons, when calculated orj^an-atemnTSasis, is nitrogen. 
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521 1. The method of claim 5197. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of tKeT^nndeasable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

5212. The method of claim 5 1 97, wherein the produced mixture comprises cpfidensable 
hydrocarbons, and wherein less than about 5 % by weight, of the conden^ole 
hydrocarbons, when calculated on an atomic basis, is sulfur. 



5213. T#e method oi\laim 5197, further comprising controlling a pressure within at 
least a n/ajority of thi p^imcaMe-fetlfiation, wherein controlled pressure is at least 



about 2 



?ar absolute.) 



5214. T\Jie method of claim 5197, further^omprising altering a pressure within the 
penrieable^feanaciion to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater thaiV&bout 25. 



5215. The method of claim 5197, further comprising: 
providing hydrogen to the heated section to hydrogenate hydrocarbons within 

the section; and 

heating a portiorf of the section with heat from hydrogenation. 

5216. The method of claim 5197, wherein the produced mixture comprises condensable 
hydrocarbons suid hydrogen, the method further comprising hydrogenating a portion of 
the produced^condensable hydrocarbons with at least a portion of the produced hydrogen. 



5217. Tne method of claim 5197. wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, where in the 
heating is controlled such that the mixture canj^ejii^diteedli^^ permeable 
formatiorK?ind wherein at j£ast-#bT5uf4 heat sources are disposed in the permeable 
formation for each production well. 
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5218. The method of claim. 5 197, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in^^rodlictteft^yelL wherein the 
heating is controlled such that the mixture can be produced from the permeaE 
formation, and wherein the production well is disposed substantially horizontally wh^hin 
the permeable formation. 




mprising separating the mixture int& a gas 



52 1 9. The method of clai 
stream and a liquid strea 



5220. The method of cl£im 5 197; further comprising separating^fhe mixture into a gas 
stream and a liquid stream lm3 separating the liquid streaip^mto an aqueous stream and a 
non-aqueous stream. 



5221. The method of claim 5197, wherelr^the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture Within the wellbore. 

5222. The method ofciaim 5 197, wherein the mixture is produced from a production 
well, wherein a wejlbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

23. The method of claim 5 197, wherein a minimum mobilization temperature is about 
15 °C. 



sa^JThe methc 
270 °C. 



7, wherein a minimum pyrolysis temperature is about 
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5225. The methDd-eft1amT5197. further comprising maintainmg^hej^ressure within the 
permeable formation above about 2 bar absolute to inhibit production of ftxjids having 
carbon numbers above 25. 



10 



5226. The method of clain^5197, further comprising controlling pressure within the 
permeable formation in a rang£\from about atmospheric pressure to about 100 bar 
absolute, as measured at a Jellh^d of a production well, to conpr^lan amount of 
condensable fli/ids within tKe mixture, wherein the pressure's reduced to increase 
production of condensable fluidvarfd wherein the pres^tre is increased to increase 
production of non-condensable fluids. 



*0 
09 

U 
si 

5 

□ 

m 

Q 



15 



20 



5227. The methoti-efclaim 5 197, further comprising controlling pressure within the 
permeable formation in a range from aheait atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead/fr a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the/pressure is increased to reduce the API gravity. 

5228. The method o&claim 5197, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5229. The method of claim 5 197, wherein the provided gas comprises carbon dioxide. 



5230. Tne method of claim 5 197. wherein the provided gas comprises nitrogen. 

25 523 1/ The method of claim 5 1 97, wherein the pressure of the provided gas is above 
about 2 bar absolute. 



5262. The method of cJaii 
aboiu?6-barSBsolute. 



wherein the pressure of the provided gas is below 



30 
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5233, A method of treating a h y d ro(^ i^on_containing permeable formation in situ, 
comprising: 

providing heat from one or more heat sources to at least one pbqion of the 
permeable formation; 

5 allowing the heat to transfer from the one or more heat sources to i selected 

mobilization section of the permeable formation such that the heat from/ftie one or more 
heat sources can mobilize aHeastsome of the hydrocarbons within tj*e selected 
mobilization section of^ne permeable formation; 

controlling thp heat from the one or more heat sourc^such that an average 
10 temperature within at least a majority of the selected mobilization section of the 
permeable formation is lessyman about 150°C; 

allowing the \q&\o transfer from the prfe or more heat sources to a selected 
pyrolyzation section of the permeable fonrfation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons within the selected 
15 pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least/a majority of the selected pyrolyzation section of the 
permeable formation is/fess than about 375°C; and 

producing a Fnixture from the permeable formation in a production well, wherein 
20 the production well is disposed substantially horizontally within the permeable formation. 



25 



5234. The method of claim 5233, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources cap mobilize at least some of the hydrocarbons within the selected mobilization 
section on the permeable formation. 



5235. Th\ method of claim 5233, wherein the^ongu^wRoreTTeat sources comprise at 
least two heafSmtfGesr^eHvhere^ of heat from the one or more heat 

sources can pyrolyze at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 
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5236. The method of clair 
S5fncal heaters. 



in the o ne or more heat sources comprise 



5237. The method of claim 5233, wherein the one or more heat sources cornj^rise 
surface burners, 

5238. The method ofpimm 5233, wherein the one or more heat sources compose 
flameless distributed combustors. 

5239. The method of clairp 5233, wherejrrtfie one or more heat soui^s comprise natural 
distributed combustops. 

5240. The method of claim 5233, further comprising dj^osing the one or more heat 
sources horizontally within the permeable formatior 

5241. The method of claim 5233, further cefmprising controlling a pressure and a 
temperature within at least a majority oKhe permeable formation, wherein the pressure is 
controlled as a function of temperajxfre, or the temperature is controlled as a function of 
pressure. 

5242. The method of d^im 5233. further comprising controlling the heat such that an 
average heating rateyOf the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 



5243. The method of claim 5233, wherein providing heat from the one or more heat 
sources toVat least the portion of permeable formation comprises: 

heating a selected volume (F) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an averagejjgat — — " — 
capacity(Cj)>aijdwherein the heatingjjjaol^ hydrocarbons within the 

selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is \ 

Pwr = h*V*C v *p B 
wherein Pwr is the heating energy/day, h is an average heating rate of if 
formation, p B is formation bulk density, and wherein the heating rate is less than aftisjut 10 
°C/day. 



5244. The method of claim 5233, wherein allowing the heat to transfer from the one or 



more heat sources to th/ selected mobilizati 
section comprises transferring heat suj^fc 



on section and/or the selected pyrolyzation 
ially by conduction. 



5245. The method df claim 5233, whereiriproducing mixture frpm the permeable 
formation further comprises producing mixtuf^Jiaving an ^Pf gravity of at least about 
25°. 



5246. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than alxxit 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5247. The method of claim / 5233, wherein the produced mixture comprises condensable 
hydrocarbons., and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when Calculated on an atomic basis, is oxygen. 

5248. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons/ and wherein less than about 5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 



5249. The method or claim :>z33, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 
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523T)T""The method of claim 5233, further comprisingaIT^tTg^^e§sure within the 
permeable formation to inhibit production of hydrocarbons from the peime^I^iQrmation 
having carbon numbers greater than about 25. 



5251. The method of claim 5233, further comprising: 
providing hydpd^en (H^tQ the heated section to hydrogenate hydrocarbons witjafn 

the section; and 

heating a/portion of the section with heat from hydrogenation. 

5252. The method of claim 5223, wherein the produced mixture apprises condensable 



hydrocarbons 



and hydrogen, the metho^farjher cort^prtsing hydrogenating a portion of 



the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5253. The method of claim 5233, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixturp^can be produced from the permeable 
formation, and wherein at least abouyf heat sources are disposed in the permeable 
formation for each production \vz 

5254. The method of clmm 5233, further comprising separating the mixture into a gas 
stream and a liquid ^stream. 

5255. The/method of claim 5233, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
nonaqueous stream. 



5256. The method of claim 5233, wherein the mixture is produced from a production 
well, the method further comprising heatinp; a wellhore of the production well to inhibit 
)ndens^do^efthgTTnxHn^ within the weilbore. 
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"37577 The method of claim 5233. wherein the mixtureTS"predu£ed from a production 
well, wherein a wellbore of the production well comprises a heater elemeribGcmfigured to 
heat the permeable formation adjacent to the wellbore, and further comprising heatfng the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 



5258. The method o^et3mT55^3, wherein a minimum mobilization temperature is about 
75 °C. 

5259. The method of clai^ ^33, wherein a minimum^pyrojy^is temperature is about 
270 °C, 

5260. The method^f claim 5233, further cojtfprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 

5261. The method of claim / 5233. further comprising controlling pressure within the 
permeable formation in/a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production 0T condensable fluids, and wherein the pressure is increased to increase 
producttfm of non-condensable fluids. 



5262. The method of claim 5233, further comprising controlling pressure within the 
'permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 



5263. The method of claim 5233, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 
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5264. The method of claim 5233, further comprising^rSvidiiiga gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. J 

5265. The method ofclaim 5^33, further comprising providing a gas to ^jKe permeable 
formation, wherein the gas is configured to increase a flow of the mptfilized 
hydrocarbons ffcm the selected mobilization section of the penn^able formation to the 
selected pyrolyzation section of the permeable formatioiyeCnd wherein the gas comprises 
carbon dkmde. / ^^^^ / 

5266. The method ofclaim 5233, further ^XHnprising providing a gas to the permeable 
formation, wherein the gas is configuredto increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section ojKhe permeable formation, and wherein the gas comprises 
nitrogen. / 

5267. The method or claim 5233, further comprising providing a gas to the permeable 
formation, wherejn the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. 

5268. The method of claim 5233, further comprising providing a gas to the permeable 
fornWion, wherein the gas is configured to increase a flow of the mobilized 
hydrocarBons from the selected inobilization-seclionofthe permeable formation to the 
selected pyrolyzation section of the permeable formation, the meSio3TultheFXQn^rising 
controlling a pressure of the provided gas such that the flow of the mobilized 
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hydrocarbons is co iitiolled, wherein the -j 
absolute. 



ie_grovided gas is above about 2 bar 



5269. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation tp^he 
selected pyrolyzatiem section \f the permeable formation, the method further>romprising 
controlling a pressure of the prqvided gas such that the flow of the mobilized 




ein the pressure of the provided gaaus below about 70 



hydrocarbons i 
bar absolute. 



5270. A method of treating a hydrocarbon containiijg / permeable formation in situ, 
comprising: 

providing heat from one or more he^fsources to at least one portion of the 
permeable formation; 

allowing the heat to transfer^rom the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize aneast some of the hydrocarbons within the selected 
mobilization section oLtne permeable formation; 

controlling me heat from the one or more heat sources such that an average 
temperature whmn at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 

roviding a gas to the permeable formation, wherein the gas is configured to 
incr^se a flow of the mobilized hydrocarbons within the permeable formation; and 
producing a mixture from the permeable formation. 



5271 . The method of claim 5270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 



sources can mobilize at least some of the hydrocarbons withiirthe~set cctcd mobiliz ation 
section of the permeable formation. 
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5272/JPheTfiHHoTof claim 5270, wherein the one or more~Kear 
electrical heaters. 



^comprise 



5273. The method of claim 5270, wherein the one or more heat sources comprise^ 
surface burners. 



5. /~\ 



521 A. The method of claim 5270, wherein the one or more heat^durces comprise 
flameless distributed combhstors. 



5275. The method 
distributed com 



of clapi 5270, wherein the one/fr more heat sources comprise natural 
ustors. 



5276. The method of claim 5270, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5277. The method of claim 5270, further comprising controlling a pressure and a 
temperature within at leas^a majority of the permeable formation, wherein the pressure is 
controlled as a functiojan of temperature, or the temperature is controlled as a function of 
pressure. 



5278. The method of claim 5270, wherein providing heat from the one or more heat 
sources to act least the portion of permeable formation comprises: 

bating a selected volume (F) of the hydrocarbon containing permeable formation 
from tfie one or more heat sources, wherein the formation has an average heat 
capstcity(CV), and wherein the heating pyrolyzes at least some hydrocarbons within the 
se/ected volume of the formation; and 

wherein heating energy/day pro vided to the volume is equal to or less than Pwr, 
wher& m Pwr i frratoJlate5T)y the equation: 
Pwr = h*V*C v *p B 
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-whereni Pwris the Heating energy/day, h is an averageTreatmgjrate of the 
formation. p B is formation bulk density, and wherein the heating rate is le^ than about 10 

°C/dav. 



5279. The method of claim 5270, wherein allowing the heat to transfer from the one or 
more heat sources to th^select^d mobilization section comprises transferring heat 
substantially by conduction. 

5280. The method of claim 52#4), further comprising controlling a pressure within at 
least a majority of the perme^ole formation, wh^ein the controlled pressure is at least 
about 2 bar absolute. 

5281. The method of claim 5270, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 

5282. The method ofrelaim 5270. wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, andAvherein the production well is disposed substantially horizontally within 
the permeable formation. 

5283. /The method of claim 5270, further comprising separating the mixture into a gas 
stream and a liquid stream. 



?284. The method of claini3270rf[lF[Hercomprising separating the mixture into a gas 

i^amancLaHi^irid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 
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,^52&5r-flTeTneihod of claiiii-^TOL^herein the mixture is produced from a production 
well, the method further comprising heating a weTlBDre-Qfthe production well to inhibit 
condensation of the mixture within the wellbore*. 



5286. The method,^!^^! 5270. wherein the mixture is produced from a production 
well, wherein a y^ellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further cop*{5rising heating the 
permeable formation with the heater element to produce the mijtftfre, wherein the mixture 
comprise non-condensame Hj^drocarbons and H2. 



5287. Them* 
75 °C. 



of claim 5270, wherein a mjrnmum mobilization temperature is about 



5288. The method of claim 5270, wnerein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5289. The method of cl#im 5270, wherein the provided gas comprises carbon dioxide. 

5290. The method of claim 5270, wherein the provided gas comprises nitrogen. 

5291 . The inethod of claim 5270, further comprising controlling a pressure of the 
provided/gas such that the flow of the mobilized hydrocarbons is controlled. 

5292L The method of claim 5270, further comprising controlling a pressure of the 

)vided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
Pressure of the provided gas is above about 2 bar absolute. 



^293. The method of claim 5270. further comprising controlling a pressure of the 
prcmded-gas^ueh-iharnieflow of the mobiIIz?d4iydi5carbons is controlled, wherein the 
pressure of the provided gas is below about 70 bar absolute. 
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5^94^Aifiethod of treating a hydrocarbon containing pe/meable formation in situ, 
comprising: 

providing heat from one or more heat sources fo at least one portion of the 
permeable formation; 

allowing the heat to transfer from the one dr more heat sources to a selected 
mobilization section of the permeable formation/such that the heat from the one or more 
heat sources can mobilize at least some of the Hydrocarbons within the selected 
mobilization section of the permeable formation; 

co/trotling the h^irom the one or/more heat sources such that an average 
east a majority of the selected mobilization section of the 
formation is less than about/1 5 0°C; 

i gas to the permeable formation, wherein the gas is configured to 
the mobilized hydrocarbons within the permeable formation; 



temperature withi 
permeabl 

proViding 
increase a fl\ 



controlling a pressure oifthe provided gas such that the flow of the mobilized 
hydrocarbons is controlled; apfd 

producing a mixture' from the permeable formation. 

5295. The method of daim 5294, wherein the one or more heat sources comprise at 
least two heat sources^ and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilizatk 
section of the permeable formation. 

5296. The me/hod of claim 5294, wherein the one or mor^hSat sources comprise 
electrical heaters. 

5297. The method of claim 5294, wljpr^in the one or more heat sources comprise 
surface burners. 



5298. /The method ofclaim 5294, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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5239r^The method of claim 5294, wherein the one or more heat sourcesjcomprise natural 
distributed combustors. 

5300. The method of claim 5294, further comprising disposing tj?e one or more heat 
sources horizontally within the permeable formation. 



10 



5301 . The method of claim 5294, further comprising cefntrolling a pressure and a 
temperature within at least a majority of the permease formation, wherein the pressure is 
controlleq as a function of^emperature, or the temperature is controlled as a function of 
pressure. 



m 

jt 

si 

o 



5302. The method! of claim 5294, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volum/ (V) of the hydrocarbon containing permeable formation 
15 from the one or more heat sources, wherein the formation has an average heat 

capacity(C v ). and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
20 Pwr = h*y*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B p formation bulk density, and wherein the heating rate is less than abqijt 
°C/day. 



25 5303. The method of claim 5294, wherein allowing thejjetfr to transfer from the one or 
more heat sources to the selected mobilization sec^km comprises transferring heat 
substantially by conduction. 



5304/ The method of claim 529^<Turther comprising controlling a pressure within at 
30 least/ a majority of the perm^ole formation, wherein the controlled pressure is at least 
about 2 bar absolute. 
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£0!_Jlh©-mettro3^ 5294, wherein producing the mixture from the permeable 

formation further comprises producing the mixture in a production well, v^erein the 
heating is controlled such that the mixture can be produced from the ^permeable 
formation, and wherein at least about 4 heat sources are disposed/in the permeable 
formation for each production well. 



5306. The method of claim 5294, wherein producing^ne mixture from the permeable 
formatiofTKirther comprises producing the mixture/in a production well, wherein the 
heating/is controlled such that the^nixture can bp produced from the permeable 
formation, afid wherein th^Jroduction well indisposed substantially horizontally within 
the permeame formation. 



5307. The me 
stream and 



hod of claim 5294, ftyfher comprising separating the mixture into a gas 
uid stream. 



5308. The method of claim 2z94, further comprising separating the mixture into a gas 
stream and a liquid stream/and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5309. The methodof claim 5294. wherein the mixture is produced from a production 
well, the methocr further comprising heating a wellbore of the production well to inhibit 
condensation/f the mixture within the wellbore. 



53 10. Ttle method of claim 5294, wherein the mixture is produced fromajM^dtrCtion 
well, wnerein a wellbore of the production well comprisesjjie^tefelement configured to 
heat tHe permeable formation a^jacennoJJie-wdTHo^, and further comprising heating the 
pemeaoteformatic^^ heater element to produce the mixture, wherein the mixture 

comprise non-condensable hydrocarbons and Fb. 
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5311. The method of claim 5294. wherein a minimum mobilization temperature is about 
75 °C. 

5312. The method of claim 5294, wherein mobilizing the hydrocarbons witmn the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons) 

53 13. The method of claim 5294, wherein the provided gas comprises carbon dioxide. 

5314. The method of claim 5294, wherein the provided gas comprises nitrogen. 



53 15. THe method of claim 5294, wherein the pressure of the provide^gas is above 
about 2/oar absolute. 



The metho^£claim 52§4 
bar absolute. 



lerein the pressure of the provided gas is below 



5317. A method for treating hydrocarbons in at teast a portion of a hydrocarbon 
containing formation, wherein the portion has jm average permeability of less than about 
10 millidarcy, comprising: 

providing heat from one or more4ieat sources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation such that4ieat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
increases the permeability m at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation. 



53 1 8. The methojd of claim 53 1 7, wherein the one or more heat sou[ces<^mpnse at 

tSm at least the two heat 
sources pyrolyzes at least some hydrocarbon^^within the selected section of the 
formation, And wherein superposition of heat from at least the two heat sources increases 
the peirne^bility^tarleast the portion of the selected section. 
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53J9. The method jQ£^tefflr-53i^rurtner comprising allowingTTeaHoJxansfer from at 
least one of the heat sources to the selected section to create thermal fractures in^e 
formation wherein the thermal fractures substantially increase the permeability of the 
selected section. 



5320. The method of claim 5317 
temperature iyf the selected ^tiori 
°C. 



^ wherein the heat is provided such that an average 
ranges frpmrapproximately about 270 °C tt/about 375 



532 1 . The method of ciaim 53 1 7, wherein at least one of the hej^r sources comprises an 
electrical heater located in the formation. 

5322. The method of claim 53 1 7, wherein at least ofie of the heat sources is located in a 
heater well, and wherein at least one of the heajtfr wells comprises a conduit located in 
the formation, and further comprising heatjrig the conduit by flowing a hot fluid through 
the conduit. 

5323. The method of claim £3*17, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5324. The methockof claim 53 1 7, further comprising: 
monitopmg a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 



5}25. The method of claim 5324, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 
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5126 The method nf Haim S^?4 wh erein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater thana^pFessut^proximate to a 
location where the fluid is produced. 



5327. The method of claim 53 1 7, wherein an average distance between heat sources is] 
between about 2 m to about 8^mr"\ 

5328. A method for treating hydrocarbons in at least a portion of a hydrocarbe 
containing formation, wherein the nortfoa Jias an a verage permeability of^ss than about 
10 millidarcy, comprising: / 

providing heal from on^or more heat sources to the fopffation; 

allowing the h^ttjp^transfer from one or more of>He heat sources to a selected 
section of the formation such that heat from the hea^ources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
vaporizes at least a portion of the hydrocarbons in the selected section; and 

producing a mixture comprising hydrocarbons from the formation. 



5329. The method of claim / 5328, wherein the one or more heat sources comprise at 
least two heat sources.afid wherein superposition of heat from at least the two heat 
sources pyrolyzes atleast some hydrocarbons within the selected section of the 
formation, ancLwherein superposition of heat from at least the two heat sources vaporizes 
at least thejtfortion of the hydrocarbons in the selected section. 



5330; The method of claim 5328, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 

/ 

formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. 



5331 ^^H^m ethnd nf rlnim Sl^K whnroin tho h n nt ir t pi ^viHed^Iigjljj^ a" average 

temperature inthe. selected section ranges from approximately about 270 °C to about 
°C. 
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5332. Thejiiethodl5FcIaim 5328. wherein at least one of the heat sources comprxS 
electrical heater located in the formation. 

5333. The method of claim 5328, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and further comprising heating the conduit by flowing a hot fluid through, 
the conduit. 



10 



09 

£ 15 



5334. / The method of claim 5328, wherein at least some of the heat sojufces are arranged 
in a /riangular pattern. 

5335. The mfetho<rof claim 5328, further comprising^ 
ionitoring a composition of the produced'mixture; and 

Controlling a pressure in at least a gpftion of the formation to control the 
corrijjtfsition of the produced mixture. 



m 

O 20 



5336. The method of clairri^j35, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5337. The method of claim 5335, wherein the pressure is controlled such that pressure 
proximate to/One or more of the heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 



25 533,8. The method of claim 5328, wherein an average distance between heat sources is 
between about 2 m to about 8 m. 



30 



5339. A mfethodjbr treating hydrocmions4B-at-tea5t a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 
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providing heat from one or more heat sources to the formation, whereirTaUeast 
one of the heat sources is located in a heater well; \ 
allowing the heat to transfer from one or more of the heat sources to a selected J 
section of the formation such that heat from the heat sources pyrolyzes at least somy 
hydrocarbons within the selected section, and wherein heat from the heat sourpes 
pressurizes^fleast a pohion of the selected section; and 

aroducing a mixture comprising hydrocarbons from the fopnfation, wherein the 
mixture is producedVfrom one jdx more heater wells. 

534/0. The mefliod of claim 5339, wherein the ofle or more heat sources comprise at 
lea^t two heat sources, and wherein superpp^uion of heat from at least the two heat 
sources-pyrolyzes at least somd hydropdrbons within the selected section of the 
formation. X 

5341. The method of ctaim 5339, further comprising producing fluid from at least one 
heater well in whiclys positioned the heat source of the one or more heat sources. 

5342. The method of claim 5339, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
seleoied section. 

i5343. The method of claim 5339, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. 

5344. The method of claim 5339, wherein at least one of the heat sources comprises an 
electrical heater located in the formation. 



5345. The method of claim 5339, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
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the faaftatkJnTand further comprising heating the conduit by flowlm 
the conduit. 



t fluid through 




5346. The method of claim 5339, wherein at least some of the heat sources are Arranged 
in a triangular pattern. 



10 



5347. The methoj^ofclaim 5339, flirther comprising: 

monitoring a cbm^sitioR of the produced mixture^afid 
controlling a pressure in at least a portion of tj^ibrmation to control the 

composition of the produced mixture. 



ffi 
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5348. The methoca of claim 5347, whepein the pressure is controlled by a valve . 
proximate to allocation where the mixture is produced. 

5349. The method of claim 5347, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 

5350. The method of claim 5339 wherein an average distance between heat sources is 
between about 2 m to about 8 m. 

535 1 . /A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 piillidarcy, comprising: 

providing heat from one or more heat sources to the formation; 
allowing the heat to transfer from one or more of the heat sources to a selected 
f\rk section of the formation such that heat f rom the heat sourc es creates a pyrolysis zone 

whereat least someJi^FecarBonTarepyrolyzed within the first seiectecTs ection, an d 

allowing the heat to transfer from one or more of the heat sources to a selected second 
section of the formation such that heat from the heat sources heats at least some 
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hydrocarbons within the selected oprtinn to ^ temperature lp^jimn the average 

temperature^vi thin thc -pyrgTysiszone; and 

producing a mixture comprising hydrocarbons from the formation. 



5352. The method of claim 5351, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least twgrheat 
sources pyrolyzes afleast some hydrocarbons within the selected first sepfion of the 
formation, and wherein superposition of heat from the at least two heat sources heats at 
least some hydrocarbons within the selected second section to ^temperature less than the 
average temperature within the pyrolysis zone. 

5353. The nethod of claim 53H^herein^Uea^some heated hydrocarbons within the 
selected second sectionyrlow into the pyrolysiVzone. 



5354. The method of claim 535 1, wherein the heat decreases the viscosity of at least 
some of the hydrocarbons Ufthe selected second section. 

5355. The method o^clainr5351, further comprising allowing heat to transfer from at 
least one of the heat/soupces to the selected first section to create thermal fractures in the 
formation, wherein tl^e thermal fractures substantially increase the permeability of the 
selected first sect/ori. 



5356. The methoti of claim 5351, further comprising allowing heat to transfer from at 

/ S 

least one of the heat sources to the selected second section to create thermal fractures in 
the formation/ wherein the thermal fractures substantially increase the permeability of the 
selected secdnd section. 




whereirUfie~heat is provided such that an average 
section ranges from approximately about 270 °C to about 
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5358. The method of claim 535 1 , wherein the heat is provided such that an average 
temperature in The selected Second section iailges fiw 



CQximately about 180 °C to 



about 250 °C. 



5359. The method of cl3kfT535l>swherein a viscosity of at least some of the 
hydrocarbons in the selected second section ranges from approximately aboj-rf 20 
centipoise to about L000 centipoise. 



5360. Themethoc 
electrical heater 



of claim 5315 1 , wherein at least cjne of jhe heat sources comprises an 
located in the formation. 



5361. The methocAof claim 5B51, wherein [east one of the heat sources is located in a 
heater well, and wherein at least one ofahe heater wells comprises a conduit located in 
the formation, and further ^omprisipg heating the conduit by flowing a hot fluid through 
the conduit. 



5362. The method of claim 535 1, further comprising: 
monitoring a/composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition or the produced mixture. 

5363. The method of claim 5362, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

564. The method of claim 5362, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 



5365. The method of claim 5361, wherein i 



s curo in the s elected scoo t 



substantially greal 



le pressure in the selected first section. 
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The method of claim 535 1, wherein at least some of the heat sources are arranged 
rrrgnlar pattern. " — 



5367. The method of claim 535 1, wherein an average distance between heat sources in 
the selected first section is less than an average distance between heat sources in the 
selected second section. 



5368. The method of clai 
section before heat is provy 



wherein the heat is provided to the selected first 
he selected second section. 



5369. The method of cldim 535 1) wherein the selected first section comprises at least 
one production well. 



5370. The method of claim 535 1 , wherein an average distance between heat sources in 
the selected first section is between about 2 m to abmit 10 m. 

5371 . The method of claim 535 1 , wherein an average distance between heat sources in 
the selected second section is betw^n about 5 m to about 20 m. 

5372. The method of claim 5351, wherein the selected first section comprises a planar 
region. 

5373. The method of claim 535 1 , wherein at least one row of the heat sources provides 
heat to thg^planar region. 

53^4. The method of claim 5373 wherein a length of a row is between about 75 m to 
ibout 125 m. 



y^T^- ^Th e rnethod of claim 5372. wherein th e planar region comprises a vertical 
hydraulic fracture. 
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5376\The method of claim 5375, wherejr 
between about 0.3 cm to about 2.5 cm. 



hydraulic fracture is 



5377. The method of claim 5375, wherein a length of the vertical hydraulic fracture\is 
5 between about 75 m to about 125 m. 

5378. The method of claim 535 1 , wherein at least one ring comprising the heat sources 
provides heat to the selected first section. 



si 



10 5379. The method of claim 5378, wherein at least one ring comprising jHe heat sources 
provides/neat to the selected second/section. 

5380. The method S^\^ktC5378 i wherein the ring comprised a polygon. 
15 5381. The method of 4laim 5378, wherein the ring cmnprises a regular polygon. 
5382. The nrs^hod of .claim 5378, wherein the/ring comprises a hexagon. 



ru 

u 



25 



5383. The method of claim 5378, whec&n the ring comprises a triangle. 

5384. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, whej^in the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from three or more heat sources to the formation; 
allowing the heat to transfer from three or more of the heat sources to a selected 
section of the/formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and at least three of the heat sources are 
arrangjzfa in a substantially triangular pattern; and 

producing a mixtureju>mpmn^ from the formation. 
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vj85. The method of claim j ^MrA^dia^m^perposition of heat from at least the three 
heat sources pyrolyzes at least some hydrocarbons witTurTth^selected section of the 
formation. 



5386. The method of claim 5384, wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 



fy 



10 



G 

m 



*£ 15 

SI 
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5387. The method of claim 5384, further comprising allowing heat to transfer frorrr 
least one of the heat soui/ces\to the selected section to create thermal fractures Lathe 



formation, wherein the 
selected section. 



herfnal fractures substantially increase the per 



)ility of the 



5388. The method of claim/5384, wherein thp^heat is provided such that an average 
temperature in the selected^section range^from approximately about 270 °C to about 375 
°C. 

5389. The method of^laim 5384, wherein at least one of the heat sources comprises a 
electrical heater located in the formation. 

5390. The method of claim 5384, wherein at least one of the heat sources is located in a 
heater yvell, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



25 £391 . The method of claim 5384, wherein at least some of the heat sources are arranged 
f in a triangular pattern. 



30 



\5392. The method of claim 5384, further comprising: 

monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 
Anmprrntj nn of thf produ ced m ixture 
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5393. The me v thotf"ot' claim ^J92, wherein The~pfessu£gjs controlled by a valve 
proximate to a location where the mixture is produced. 



5394. The method of clainf 5^92, wherein the pres^ufeis^controlled such that pressure 
proximate to one or more of the heat j£Ufe€sis greater than a pressure proximate to a 
location where the fluid is Deduced. 



5395. Th^method of claim 5384, wherein an average distance between heat sources is 
fween about 2 m to about 8 m. 
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